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The study of the soils of the provinces of Navarra and 
Logrofio, both of which belong to the Ebro rivBr basin, comprises 
two essential parts: on. the one hand, the mapping of the soils of 
the above mentioned provinces and, on the other, the preparation 
of the corresponding explicative report. 
T~e Soil Maps of Navarra and Logrofio have been drawn up 
in a 1 : 200.000 scale. As a rule, maps to this scale are mere r~ 
connaissance maps, for detailed maps are drawn up in the 1:50.000 
or larger scales. In our case we thought that the adoption of an 
intermediate system did not offer a real solution to the problem, 
as our goal was to attain the utmost precision in detail within 
the scope of possibilities which the 1 : 200.000 scale allows for. 
To this end the best solution was the .drawing up of maps in the 
greatest possible degree of freedom, undertaking field-work on to 
pographical maps in the 1 : 50.000 scale and, in consequence, ob-
taining very little detailed soil maps in this scale, 1 : 50.000, 
but which rendered sufficiently detailed maps on being transferred 
to the 1 : 200.000 topographical maps. 
·The drawing up of the soil maps has been undertaken on 
the basis o~ a special consideration of the study of profiles in 
the terrain. This,together with the study of the geological charaQ 
teristics of both provinces,allowed us to establish eleven diffe-




The pertinent report was drawn up on the basis of all tre 
observations recorded on the field and of the analytical determina-
tions which were carried out lat·er • We have also included chapters 
dealing with general ideas or different aspects, but which contribu 
te to the understanding of the diff eront factors which exert their 
influence on the constitution of the different sot"ls. 
In the corresponding chapter both provinces are very well 
delimited from the geographical point of view. In these provinces 
we are able to distinguish four distint sectors corresponding to 
four different natural regions, with their different reliefs and 
patterns and in.the pertinent section the types of climate which C£ 
rrespond to these four natural regions .have been studied. This stu-
dy is supported by climatological data collected in five typical me 
teorological stations. 
In the section dealing on geology, the geological history 
of the Ebro valley is described, the terrains belonging to different 
ages and stories are described and the lithology of the different 
materials analysed. This section is complete:lwith a description of 
the main mineral resources. 
The section, which can be cons·idered as general in chara_£ 
ter, is engrossed by chapters op spontaneous vegetation, in which 
the main constitutive species of the xerophytic thicket and humid 
woodland, Hydrography and Agrarian Economy are examined. In the e~ 
sentially pedological part the description of fourteen profiles c~ 
rresponding to the greater part of the established soils is inclu-
ded. Due to its larger extension the greatest nwnber of' profiles 
-----------------
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has been taken in Haro series soils. 
The greater extension of the report is explained by the 
study of the eleven soil series investigated up9n, which have wide 
ly diverging pedological characteristics and degrees of utilisa-
ti on. 
Besides ordinary determinations, such as pH, exchange 
capacity organic matter, nitrogen and calcium carbonate contents 
and granulornetric analysis, and physical determinations, such as 
hygroscopical coefficient, water retention capacity, hydraulic 
conductivity and Atterberg limits, the mineralogical study of 
sm;ds and clays has been undertaken. The conclusions are set down 
in the pertinent sections. In both types of determinations the C.Q. 
rrespondance and similarity of the results obtained for such dif-
ferent series is note.worthy. 
The mineralogical determination of clays, which was ca-
rried out with X-ray techniques, differential thermal analysis and 
electronic microscopy, revealed the constancy of the illite-kaoli 
nite gssociation, in which the only discrepancies observed were 
the different _proportions in which they are combined and that in 
profiles VII and VIII illite acquires a montrnorillonite-like as-
pect. Different iron forms, particularly goethite, are very abun-
dant in every profile. The presence or absence of calcite depends 
on the nature of the original material. _In many samples a certain 
amount of quartz is observed. 
According to the results of the mineralogical analysis 
of the "heavy" fractions, very resistant species such as tourmali 
----------------------------- ----------
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ne, zircon and rutile predominate. Garnet, which is less stable, 
enters into association with these minerals, particularly in the 
Haro and Najera soil series. Profile V is the only one to reveal 
the presence of species which are characteristic of metamorphism. 
Opaque grains, for the most part iron oxides and hy-
droxides, are very abundant. The "light" fractions are predomin8!! 
tly quartz bearing. The study of' the "sand" fraotions of all of 
these soils reveals an intense erosive chemical activity. There-
fore only the most resistant species, together with quartz and 
many opaque grains, which are the result of alterations subsist. 
-- -- --- ----------------
INTRODUCCION 
Geographic(ll description 
Navarra and Logrono, which are the provinces objeotof our 
study, have a common boundary. They are situated between the 02. 34 
and 22.57• East longitude meridians and the 41~.55' and 432.19• 
North latitude parallels, limiting to the North with France, to the 
South with the provinces of Burgos, Soria and Zaragoza, to the East 
with this last province and that of Huesca and to the West with Gui 
puzcoa, Alava and Burgos. Their combined area amounts to 14,454.90 
km2 , about ),818,906 acres, of which.1,243,368 acres correspond to 
Logrono and 2,575,538 to Navarra. But when attempting to define 
exactly the characteristics of the Spanish provinces, an administr~ 
tive and political division which took place in 1.833 on the basis 
of eeonomical and historical reasons, the characterisation of the 
different geographical units looms as an essential requisite. This 
characterisation is based on the integration of the different essen 
tial elements, such as relief, climate, vegetation, fauna and man 
himself. We can consider relief and climate as essential elements, 
though taking the first named into account both from the geological 
and geographical viewpoints. 
Considering that the factors of climate and geology will 
be examined with due extension further on in the pertaining sections, 
we· shall limit our present description to a brief resumee of the 
over-all relief of the Peninsula. Generally speaking, Spain is an 
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abrt:i.pt and mountainous terrain, with extensive high-plateau plains 
and others of a lesser altitude, such as the Northeasteniiberian 
plain which, with a medium altitude of 250 meters, is irrigated by 
the system of the Ebro and its tributaries. 
The fundamental COJ?ponent of the Spanish territory is 
what some Spanish geologisis designate as the "Hispanic Shield", a 
geotectonic unit constituting a block of the earth's crust and 
which is· characterised by a prepaleozoic or Paleozoic stratum. 'lhis 
"shield" is devoid of cover in large areas, while in the high pla-
teau it is covered by preferentially superficial deposits of conti 
nental origin, arranged in horizontal layers of the Neozoic period, 
and in other points by a heavy layer of Mesozoic sediments. How-
ever, in this last case the Paleozoic substratum emerges through 
openings caused by the wear of the erosive process. This central 
aggregate is limited by,_and in contact with, other peninsular com 
partments though geotectonic alignements which manifest themselves 
by abnormal contacts,diaclases, faults and accentuated flexures. 
The area which comprises the provinces of Logrono and Navarra, em-
braces a part of the geotectonic alignements which limit the "Hipa 
nic Shield" and which corresponds to the Celtiberic Ranges. Never-
theless, the largest part of both provinces is included in territ2 
ries lying outside the 11 shield11 and, consequently, lacking in the 
characteristics of the latter, such as the Iberian plain and the 
peripheric ranges and mountainous zones; i.e., the Pyrenees and the 
Basque orographic depression. 
In consonance with the diverse physiographic characteri.§. 
tics of the peninsular aggregate we divide it·into the following 
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five large geographical units and natural lands: Northern, Eastern, 
Western, Central and Southern. Nevertheless, in each of these 
five lands we can dis.tinguish a series of natural regions, which, 
in a last instance, are an integral and definite expression of the 
wide and complex unity underlying the natural lands. 
The territories belonging to the two provinces which we 
have studied are distributed between the Northern and Eastern lands, 
and are a part of four different natural regions. An area compri~ 
ing a little more than the north of Navarra and a very small zone 
of the northwest of Logrofio belong to the Northern land and the re 
mainder of Navarra and almost all of the province of Logrofio to the 
Eastern. 
Of the five natural regions into which the Northern land 
is divided, two of them, the Pyrenees and Basque regions, are re-
presented in Navarra and Logrono. The northeastern part of Navarra, 
that is to say, that zone situated to the east of the 2230 1 meri-
dian and to the north of the 42Q35' parallel, and in which the 
Salazar and Roncal valleys are the most repre~entative, belong to 
the Pyrenean region. From the geological point of view, grey compact 
limestones of the Cretaceous period and Nummulitic marls and lime-
stones are the predominant facies. The highest altitudes of Navarra 
belong to thts region, where heights of 1.500 to 2.000 meters are 
very frequent and some peaks, such as tbe Pena Escaurri (2.047 m), 
in the limit of Huesca, the Alepefia (2.015 m) and the Pico de Anic 
(2.043 m), in the French frontier, surpase the 2.000 m mark. Crag-
gy peaks, ~hough inferior in height to the imposing crests of the 
Aragonese Pyrenees, are a characteristic feature of the landscape. 
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A large part of Navarra belongs to the Basque region, 
which includes that area of Nav~rra lying to the west of the 2Q30' 
meridian and to the north of the above mentioned 42Q35' parallel, 
and the same is true of the northeastern tip of the province of L~ 
groffo, in its boundary with Burgos and where the Obarenes Mountains 
are located. From the standpoint of its lithology the greatest part 
of the region is predominantly calcareous in character. The great-
est part of the terrains are Cretaceous and Eocenic, but in the e~ 
tensive territory of the Baztan valley, in the Bidasoa basin and in 
Roncesvalles terrains of the higher Paleozoic emerge. The represe~ 
tation of the continental Oligocene is considerable, while the 
emission of ophites and other eruptive rocks subordinate to the 
Trias is of minor importance. The climatological characteristic.of 
the Basque region is that of a humid and rainy zone, lacking in dry 
hot summers and having mild winters. Topographically speaking it 
is a laberynthic orographic aggregate, but devoid of high altitudes, 
as those lying between 700 and 1.000 meters are predominant. There 
are some peaks surpassing the 1.000 meter mark, such as those 
surrounding the Velate Pass, which reach a height of 1.418 meters, 
and the San Donato range, with a maximum of 1.494 meters. However, 
the feature of this region is a landscape in which vegetation pre-
vails over boulders. 
The area of the provinces .of Navarra and Logrono, which 
belongs to the Eastern land and which we have not yet taken into 
consideration, is distributed among two of the six natural regions 
in which that land is divided 9 These two regions are the Celtibe-
ric Ranges and the Iberian plain. 
• 
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The southern half of the province of Logrono corresponds 
to the Celtiberic Range region. Its geological constitution is 
complex, and doubtless the greatest area corresponds to.the lower 
Cretacic, though the Paleozoic substratum also emerges to resolve 
itself into the Demanda Range mountainous massif. Generally speak-
ing, the climate of this region is severe, with cold winters and 
cool summers, though the lower part of declivities facing the Ebro 
have a milder climate. 
The landscape is very uneven, with peaks close to 2.000 
meters in altitude, for, besides the aforesaid Demanda Range, the 
spurs of the Cebollera and Urbion Ranges penetrate into the Logro-
fto province. The two most important valleys foll'm. the Camero regions 
Camero Nuevo, which is crossed by the Najerilla River, and Camero 
Viejo, with the Leza River. Both of these regions are very pictu-
resque owing to the abrupt.ness of the landscape. 
The northern half of the Logrofto province and the south-
ern half of that of Navarra are part of the great Iberian plain 
through which the Ebro river flows in a considerable length. This 
valley mellows the predominating bleakness of the landscape, for 
it is a plain of soft contours in which the action of rivers has 
produced severe erosions, due to the fact that the basin is predo-
minantly constituted by soft and incoherent materials. These mate-
rials belong basically to the Oligocene period, and are made up 
principally of marls, calcareous sandstones and gypsums as well as 
of some other species belonging to the Quaternary era. The mean 
altitude of this plain fluctuates on the whole between 200 and 500 
meters, although some mountains which have been formed by erosion 
-u-
reach heights of about 700 meters. The climate is extreme, with very 
hot summers, cold winters and a mean annual rainfall fluctuating 
between 300 and 500 mm. The predominating landscape is of the sub-
desertic type, with terrains desolate in appearance and monotonous 
in character, particularly as we proceed towards the province of 
Zaragoza~ and only in the Ebro valley strictly considered or in 
those regions where irrigation has fostered agriculture does the 
landscape become really attractive. Within the zone which correspo&! 
to the Iberian plain, which has already been examined due to the 
fact that it takes in a part of Navarra and Logroffo, and which is 
a natural region abounding in typical districts, we shall mention, 
as antagonical in part but, on the other hand, as very characteri~ 
tic, the following. On the one· hand, the Bardenas district, an 
ari~ and desertic territory with a lunar landscape and, on the other 
the Rioja and Ribera de Navarra in which such flourishing towns as 
Calahorra and Tudela with their respective fertile valleys are to 
be found. 
Geology 
When studying the geology of the provinces of Navarra and 
Logrofio we could well consider them independently and limit our 
description to the differeht ages and facies which appear in their 
territory, but it will be perhaps more interesting to undertake 
this study within the general framework of the Ebro basin, conside~ 
ea not in its strict hydrographical sense, but as the great trian-
gular shaped topographic depression hemmed in by the Pyrenees on 
the one side, by the Celtiberic and Iberian Ranges (Iberian system) 
on the other and, on the Mediterranean, by the Catalan CDastal Range. 
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In the periphery of the basin efflorescences and patches 
of an old Paleozoic substratlUil, which for the most part is in dis-
cordance with higher layers, are inserted. We come upon this subs-
tratum in the axial zone of the Pyrenees, in the nearabouts of 
Huesca and Lerida, but it emerges once again in the limits of Nav~ 
rra and Guipuzcoa, in the Alduides mountains and in the Pefia de Aya. 
In the southern limit of the basin it appears once more in the De-
manda mountains, in Logrono, and in the Moncayo, in Zaragoza. On 
the side of the Mediterranean coast the granitic batholiths of the 
northern part of Barcelona and the Selurian formation of the Tibi~ 
dabo and Montsent are worth considering. All these abovementioned 
juttings which for the most part were the result of Hercynian orQ 
genesis, are linked underground, forming a deep trough which has 
suffered a twofold indentation due both to these movements and to 
those corresponding to the Tertiary age. 
This prehercynian periphery is enveloped on the inner 
side by a heavy and rather more abrupt socle which is partly made 
up of enormous limestone blocks in which the craggy teeth of many 
peaks and the deep canyons of many rivers have been carved out. 
The dip of these·Mesotectonic parts is very v~riable, and 
its banks penetrate towards the center of the great depression, 
shaping out a second trough which is superimposed on the former and 
has been choked up by Neotectonic terrains. 
If we spreadapart this Mesozoic aggreg~te, it is to be 
presumed that underlying this basin there must be a first species 
of Permotriassic trough resting on.the Paleozoic. This trough is 
. thickenal on the upper side by the slippery Keuper glaze as we find 
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efflorescences of both in the province of Navarra. Permotrias pat~ 
ches are to be observed in several zones of the Batzan and Urumea 
valleys and the Keuper in isolated diapirs, such as those of Este-
lla, Alloz and Aizpun. We can also see insignificant Triassic pat-
ches in Logrofio, and, specifically, near Ribaflecha and to the 
north of Munilla. 
On top of this Trias layer we find the Jurassic, which 
is asymmetrical in character, for it has a greater depth in the 
south than in the north, where it disappears, in the province of 
Huesca. We find Jurassic terrains in the province of Logrofio for-
ming a narrow stripe which runs more or less from the north of 
Mwiilla to Muro de Aguas. 
The lower Cretacic is not ·to be found in most of the . 
northern part of the basin, with the exception of some points in 
the northwest of Navarra, such as nothwards of Elzaburu and around 
Mowit Aralar. On the other hand, this Cretacic is very much in evi 
dence in the south where it is essencially represented by the rare 
Wealden facies, as can be observed in many places of the province 
of Logrofio. 
The reverse is true of the higher Cretacic, which is praQ 
tically inexistent in Logrofio and present in a substantial propor-
tion in Navarra, Z1:1fioga, Eulate, etc. In other words, it is inexi~ 
tent .in the south of the basin and present in the north. 
Another great dissymetry of the Ebro valley, which is 
reflected on the geology of Logrofio and Navarra, is the absence of 
the Eocene in the southern part of the basin, whilst the rich Num-
muli tic series stretches wiinterruptedly from Pamplona to Gerona. 
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This series countervails the Wealden series south of the Ebro and, 
therefore, in the south, the Oligocene will, at the most, rest on 
the Cretacic in the absence of the Eoqene. This Oligocene is exteQ 
sive and basically appears as two somewhat different facies; a red 
dish one, which we shall designate as Najera, and is to be found 
principally in Logrono, and a brownish facies, the Haro facies, 
which extends across the southern part of the province of Navarra. 
The Miocene, which stretches across a considerable area in the 
reminder of the basin, is only present in a small proportion in 
both of these provinces. In the last place~ we find an extensive 
and interesting Quaternary which in the form of irrigated plains, 
erosion glacis and terraces is sychronically distributed to the 
hydrographic network. 
The geological history of the basin begins once the Pyr~ 
nees had been hoisted in the age of the Hercynian emersions and 
the Castillian plateau had risen, when the trough of the basin re 
mained between both cores •. This trough was a wide sea channel in 
periods of transgression, which, on some occasions was shut off by 
the extremity corresponding to the Basque country, on others by 
that of Catalonia and, more often, by both during periods of regre~ 
sion. During humid periods the result was a vast lake or group of 
lakes which gave place to a- continental depression during dry pe-
riods. This last modality probably characterised the Buntersand-
stein age, and the first named the Keuper age after the Muschelkal 
transgression. In the Jurassic the trough was deeper on the side 
of the southern watershed and it is through here that the strait 
was established at that time. Next, and for the third time, we are 
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confronted with an endorheic regime, the Wealden lake or pseudolake 
towards the end of the Cretacic. The Supercretacic transgression 
which preceded by the Aptean ocurrence, is next to appear and opens 
the strait, which reaches its maximum extension in the Senonian, 
establishes the lacustral regime with Garunean sediments. 
We thus penetrate in the Tertiary age, which is that of 
the great upheavals, the first of which, epirogenetic in character, 
represents the initiation of the Iberian system. This was a swaying 
movement which was recorded in the neighbourhood of the present 
course of the Ebro and which shifted the southern trough towards 
the north, where, for the last time, the sea straits were formed 
during the Nummulitic. The Pyrenean barrier emerges and, immediat£ 
ly afterwards,the Oligocene lake appears originating deposits ·of 
sodium and potassium salts and gypsum. This was followed by a humid 
period, during which terrigenous deposits were formed in the center 
of the basin while in the periphery the steps of the faults are 
equa~ised by gravels, which, on cementing 1 give place to conglomer~ 
tes. When these, in their turn, decreases in size they give place 
to Cretaceous sandstones. Next came a new orogenic activity in its 
Alpine phase, a further sinking of the trough, followed by a humid 
and terrigenous period and another of a desertic character with 
endohreic formations. At the beginning of the Pleocene the erosive 
activity becomes more severe, and due to epirogenetic movements 
the river Ebro begins to adjust itself to its course, and its base 
level, as well as its valley, sink about 150m •. Finally, in the COU£ 
se of the Quaternary another depression of about a 100 meters, whidl 
is related to the glacier phenomena of river sources, took place. 
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As for the lithological constitution of the two provinces 
of Logroffo and Navarra, we can distinguish three great groups from 
the viewpoints of the chemical, granulometric and structural compo 
sition of the different materials and in a general way, coincident 
with characteristic geological ages. These three groups are the si 
liceous, calcareous and argillaceous groups, the characteristics 
of which are evidenced by the nature of the lithological materials 
of which they are formed, the great differences in the types of 
relief and the different geological ages to which the sediments con 
tributing to their formation belong. For though the first group C.Q. 
rresponds to the Paleozoic or Prepaleozoic age and the second to 
the Mesozoic, the materials which integrate the third group were 
deposited during the Neozoic or modern ages cbf the history of' the 
earth. 
Among the more frequent siliceous materials we come upon 
shales, quartzites, grauwackas and sandstones, In the Mesozoic, ca! 
carequs group the compact limestones .of the Cretacic, Liassic and 
Jurassic, as well as the limestones and Nummulitic marls of the 
Eocene and, in some isolated points·, the carnioles of the Keuper 
predominate. 
Finally, within the Neozoic, the greater part of which ia 
represented in Navarra by the Oligocene, we have the alternating 
series of marls and sandstones, either of the Najera or Haro facies 
and the Peralta gypsum mass. 
Although the provi~ces of Navarra and Logrofio are not ou,! 
standing from the point of view of their m;i.neral resources, partic]; 
larly regarding metallic ores, the hematites and iron carbonate 
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deposiis of the Demanda Range, in the Logrono Mountains, and those 
of bauxite of the province of Logrono should be mentioned. Among 
the non-metallic minerals, the most important are the rich potassium 
salt deposits of several points of Navarra, specially one in the 
neighbourhood of Pamplona. 
The materials of the different above mentioned geologi-
cal facies have different applications and interest. From the stand 
point of their abundance the siliceous shales and sandstones, the 
calcareous limestones, limestones and gypsums, all of which are eE 
ployed as construction materials in masonry as well as in quarries, 
are worth mentioning. Pure limestone lacking in magnesium, for the 
most part cretacic and nummulitic in character, are also employed 
in the manufacture of lime and cement, as is the case with the Le! 
re Range sandstones, employed after their transformation into ce-
ment in the construction of the Yesa dam. Compact limestones which 
have good burnishing characteristics are employed ornamentally and 
in Estella, Navarra, a black marble with absolutely no coloured 
veins is mined. 
Lastly, among other types of deposits we must mention 
those of brown coal of Villarroya, in the province of Logrono, and 
in passing,we should draw attention to the petrological properties 
of some zones of the province of Navarra. 
Climatology 
By climate of a region we understand the mean atmospheric 
study of the course of a given time, which is a result of the inte~ 
action of meteorological factors influenced by the ge·ographical 
characteristics of the region. 
<> 
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The fundamental factor of climate is temperature and in 
its geographical distribution the locat.ion of the great continen-
tal and marine areas exerts a great influence. This leads us to 
the differentiation of two types of climates: maritime and conti-
nental, the first of which is characterised by moderate thermal 
fluctuation, while extreme temperature variations· are typical of 
the second, The seasonal variations in temperature correspond to 
the two cosmic cycles to which the earth is subjected. Diurnal va-
riations in temperature are, as a rule, of small importance in re-
lation to climate. In the temperate zones ~he maximum variation is 
between 102 and 152 c. The knowledge of the mean of annual maximUIII 
and mihimwn temperatures, from which the variations durj.ng the year 
for each region are deduced, is much more important. Variations in 
the Mediterranean region are characterised by typical differences, 
to which the phase of the vegetative development of plants adapt 
themselves. 
Koppen established a geographical distribution of the 
earth's surface in the following seven typical thermal groups: the 
polar,. cold, temperate-cold, temperate-warm, always temperate, sub 
tropical and tropical zones. In the territory of the Iberian peniB· 
sula all these zones are represented, with the only exception of 
the polar and tropical. 
On occasions the mean annual temperatures are not, by 
themselves, sufficient to highlight the temperature characteristics 
during the year, and it is more advantageous to employ the mean and 
absolute annual variations. The modifications due to altitude, whidl 
generally represent the decrease of a thermal degree per each 180 m 
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elevation in altitude above sea level, are also worthy of consider~ 
tion. Another essential factor in the dete31mination of regional cli 
matology is rainfall. Such as is the case with other climatological 
factors, rainfall inequali tes are more marked im.;the southern- than 
in the northern hemisphere. The dominant factors in rainfall are 
distribution of continental and ocean areas, latitude and relief. 
From the standpoints of the different zones of the earth and types 
of rain, we can consider rainfall to be distributed in the following 
way: 
Equatorial, ~ropical, north temperate and Artie zone 
rains. In their turn, north temperate rains ean be classified into 
the Mediterranean and' Mesoeuropean regimes. Generally speaking, the 
rainfall characteristics of the Mediterranean zone through the year 
are based on winter rains followed by a long and hot summer, while 
the Mesoeuropean rainfall regime is evenly distributed throughout 
the year, with no dry summer period. 
In the climatic study of any region a factor which must 
be taken very much into account. is aridity, which manifests itself 
through many phenomena which are but its results; the endorheic is 
perhaps the most important geographical expression of aridity. In 
the arid region herbaceous plants grow in bushes 30 cm or more 
apart, while, the intervening soil is devoid of vegetation. Super-
ficial limestone crusts or those found between layers of a different 
date are the final result of the continuous chemical processes 
taking place in the earth and of the phenomena of capillarity and 
evaporation. If annual rainfall is grater than evaporation the r~ 
gion in question is not arid and can be classified as humid or ra:iny. 
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In other words, the degree of aridity is the result of dividing 
the. mean annual evaporation in rpm by the mean annual rainfall, 
also in mm. As far as Spain is concerned those localities in which 
this ratio is inferior or equal to one belong to the humid or rainy 
zones, while those in which the said ratio is higher than 2 are con 
sidered as arid or dry regions. For example, in the case of Zarago-
za, situated in the center of the Iberian plain or the Ebro valley, 
with a mean evaporation of 1.756 mm and an annual rainfall of 286 
mm the ratio i.s 6 .13, corresponding to a high degree of aridity, 
while in Bilbao, in the Basque region, this ratio is about 0.80. 
The first named region belongs, therefore, to the arid portion of 
Spain, and the second to the humid one. 
Considering that evaporation.is a value which can not be 
defined with precision and that, on the other hand, its most impor! 
ant factor ~s temperature, aridity can be expressed in terms of the 
" ratio of rainfall to temperature. This ratio, called Regenfaktor, 
(that is to say, rain factor), was established by Lang in 1.920 
and.modified by De Martonne in 1.926, who introduced the aridity 
p 
number employing the formula I = T _ 10 in which 10 is introduced 
t_o avoid negative quotients. Having recourse to this foi'mula Sorre 
drew up the map of the aridity numbers for the Peninsula in which 
the curve having a value of 20 limits the arid part of the.country. 
When employing the De Martonne and Lang formulae we can see that 
the greater aridity the lower the number. This was corrected by 
Dantin and Revenga, who introduced the thermopluviometric number, 
ITp= Tx2oo ; in which the g~eater the aridity the greater the num-
ber. The isoxerous 2 curve is that which separated rainy northern 
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Spain from the dry Mediterranean portion of the country. 
From the study of the general climatic characteristics 
we may deduce tbe climatology corresponding to each of the four 
natural reg~ons in whiqh the provinces of Logroffo and Navarra are 
divided, and which coincide with four different climatic zones. 
Northern Atlantic climatic zone: the temperature and, generally· 
speaking, the climate is of a predominantly maritime type, and, 
therefore, lacking in great snowfalls. Its main characteristic is 
rainfall which fluctuates between 900 and 1.800 mm per annum., there 
being no dry summer season even though rainfall decreases during 
these months. The mean annual temperature is between 102 and 152 O. 
All these characteristics result in a permanently lush landscape 
and an abundance of pastures. Pyrenean zone: in some respects this 
zone has a certain degree of analogy with that we have just descr! 
bed. Both are mountainous regions in a greater or lesser degree, 
' influenced by the European.climate which, in both zones, is evide~ 
ced 1¥ rainfall in the summer. season. Taken together they consti tu-
te the rainy part of the Peninsula. The rainfall of the Pyrenean 
zone is between 600 and 900 mm but here thermal fluctuation are 
more marked than in that of the Atlantic, due to a greater conti-
nental influx. Climatic zone of the Iberian Ranges: :taken as a 
whole this is a land of continental climatology with cold winters, 
abundant snowfalls and some rainfa~l during the summer. The mean 
annual rainfall is always greater than 500 mm and the mean winter 
values are amongst the lowest of the Peninsula. It is mostly wood-
land with a poor agriculture. Climatological zone of the Iberian 
Plain: cthe fundamental consequence of the arrangement of the Ebro 
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tectonic depression is that it only receives residual precipitations 
of the rain falling on the mountain regions, which surround it. 
Therefore, annual rainfall in this zone is under 500 mm and strong, 
dry winds are prevalent. It is a severe climate with cold winters 
and hot dry swnmers. 
To swnmarise the abovementioned climatological characte-
ristics we have taken the meteorological observations recorded in 
five stations, one in each zone, except for that of the Ebro where 
the data proceed from two stations, located on each side of the r1 






Basque region; Altitude, 526 meters; annual mean tempe-
rature, 122 C; annual rainfall, 1.500 mm; Lang's numbe~ 
125; Martonne's number, 68; Dantin' a number, o.8 
Mean temp. of Mean temp. of Rainfall 
the maxima the minima 
December 6,6 1'2 119 
January 4,8 -0,7 193 
February 6,6 1 '1 148 
March 12, 9 4,5 115 
April 15 ,o 5,3 170 
May 20,2 6,4 196 
June 25,6 8,2 85 
July 27,5 11 '8 58 
August 24' 1 12,2 94 
September 20,2 10,3 125 
October 14·,3 6,8 62 
November 12 ,2 2,0 136 
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Pamplona.z Pyrenean region; Altitude, 463 meters; Mean temperatu-
re, 12,2e C; Annual rainfall, 740; Lang's number, 60; 
Martonne •·a number, 33; Dantin' a number, 1 , 6 
Mean temp. of Mean temp. of Ra inf all 
the maxima the minima 
December 8,3 2,8 13 
Winter January 6,1 •1 '1 151 
February 7'1 2, 1 90 
March 14,4 4,3 43 
Spring April 18,9 6,0 59 
May 19,8 9,2 90 
June 25,6 9,8 45 
Summer July 28,8 12,5 27 
August 26,2 15 '3 36 
September 22,2 14,4 80 
Fall October 19,0 8,2 80 
November 13 '6 4'1 29 
San Millanz Iberian Range region. Altitude, 738 meters; Mean te!!! 
perature, 10,5Q C; Annual rainfall, 660; Lang's num-
ber, 62; Martonne's number, 32; Dantin's number, 1,6 
Mean temp. of Mean temp. of Rainfall 
the maxima the minima 
December 7,4 -0,5 57 
Winter January 6,3 -0,6 102 
February 7,2 1'7 85 
March 12 ,4 4,0 29 
Spring April 16 '7 4,9 69 
May 18 ,8 6,4 137 
June 23' 1 10,3 91 
Summer July 26,5 12'1 36 
August 29,0 11 '6 53 
September 27,J 6,8 40 
Fall October 24,2 4,9 15 







Ebro Valley. Altitude, 400 meters; Mean temperature,12dg 
C; Rainfall, 370; Lang's number, 29; Martoruie's number, 
16,2; Da.ntin's number, 3,5 
Mean. temp. of Mean temp. of Rainfall 
the maxima the minima 
December 9,5 1 '1 12 January 6,8 0,4 39 
February 8,3 2,2 22 
March 1.5 ,7 4,8 15 
April 17,7 6,3 70 
May 21,2 7,6 36 
June 26,6 12,1 58 
July 27,7 15,3 19 
August 27,9 13 ,8 37 
September 25,0 12 ,8 38 
October 20, 1 8,7 28 
November 14,6 4,3 19 
La Oliva: Ebro Valley. Altitude, 342 meters; Mean temperature, 
13,6g C; Annual rainfall, 390; Lang's number, 28,6; 
Martonne's number, 16,5; Dantin's number, 3,4 
Mean temp. o.f Mean temp. of Rainfall 
the maxima the minima 
December 8,5 1 '3 8 Winter January 9,9 -1,1 80 
February 11,7 1 '5 28 
March 15,6 4,5 13 
Spring April 19,0 5,7 ?1 
May .21 ,9 8,8 44 
June 26,9 12,5 26 
Swnmer Juiy 30,6 15'1 23 August 31,7 15,4 30 
Septe~ber 26,7 12 ,2 23 
Fall· October 22,1 7,5 29 
November - 16, 6 2, 1 48 
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Vegetation 
The most exact and complete expression of the combined 
action of climate and relief is vegetation. In this short summary 
we shall consider three different associations: woodland, brush-
wood and steppe. 
The climate of the humid part O• Spain explains the pre-
sence of great expanses of woodland, very simiiliar to those of Cen-
tral Europe. Predominatins; trees and shrubs are beech, oak, linden 
chesnut, etc. Some oaks are specific of the forests of the humid 
part of Spain; among these we find Quercus pedunculata, Q. tozza, 
Q. sessiliflora. 
We have already said that oaks associated with spruces 
and beeches, and also with certain pines, constitute this humid 
woodland in which other species, such as lindens (Tilia grandifo-
lia, and T. parvifolia), maples (Arce pseudoplatanus), and ash-
trees (Fraximus excelsior), are present. 
In intricate plant association shrubs and undershrubs are 
subordinate to this woodland. Among undershrubs we have different 
heathers, such as Daboccie polifolia, Erica ciliaris, Erica tetra-
liar, Erica cinerea, Erica vagans, and Calluna vulgaris. This is 
principally in the lowlands and highlands. Others species, such as 
Spiracea flavellata, Ulex europaeus, Ulex nanus and Genista triden 
ta, are also very abundant. Gramineous, leguminous and composite 
plants form natural grasslands, green throughout all the year, whidl 
are the main characteristics of this northern landscape. 
The brushwoods of forests of the arid or dry part of 
Spain reveal a very different aspect. The type of climate which pre 
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dominates in this region is reflected in a vegetation which is ch_!! 
racterised by its perennial foliage, adapted to withstand severe 
dry periods .. 
In the composition of the Mediterranean woodlands we 
find Pinus and Quercus different from those mentioned above, such 
a.s Qu.ercus ilex, Q. oocifera, Pinus Halepensis and Pinus pinaster. 
In this type of woodland, trees reveal a scattered arrangement, 
even though in the arid portion of Spain, trees are by no means a 
characteristic and expressive element. This characteristic note is 
given by undershrubs amongst which the most typical representatives 
are thyme, rosemary, sagebrush, lavender, Spanish broom, etc. 
The species which grow in the arid land of the Peninsula 
and belong to Mediterranean vegetation are: 
Papilonaceous plants: Genisteas, Astragales and Ononis. 
Timeleaceous plants: Daphne, Gnidium. 
Terebintaceous plants: Pistacea lentiscus and Pistacea 
terebinthus. 
Cistaceous plants: Cistus. 
Labiades: Lavandula, Thymus and Salvia. 
Those regions of the arid part of Spain where the climate 
is severe have a steppe vegetation, in which esparto grass is the 
most important graminous plant. 
Haloxylon certiculatum, Caroxylon tamariscifolium, Solso 
la vermiculata, Sneda frutirosa, Camphoresma monspeliaca and Atri-
plex italimus are some of the most interesting species growing. 
Finally it is interesting to accentuate the gradual tran 




According to the Anuario Estad!stico Espafiol, betwe~n 
1940 and 1947, the area of Spain which amounts to 505.000 km2 , 
was distributed in the following way: cultivated lands, 39,6 %; 
woodlands, 14,4 %; pastures and untilled lands, 20 %; brushwood, 
14 %, and wasteland, 12 %. But this distribution differs striking 
ly from some provinces to others. Thus, while in Andalucia the 
respective proportions of cultivated and untilled lands are 46 and 
54 %, in Navarra cultivated lands represent 63 % of total area and 
forests 37 %. 
The agriculture of Navarra e.nd Logroffo is that typical 
of the countries of Southern Europe, that is to say of the Medite-
rranean type: of an intensive character in irrigated lands, and e~ 
tensive in dry lands, where tilled areas are interrumpted by wast~ 
lands and brushwood. It is an agriculture characterised by a great 
variety of crops, because next to the three traditional crops, 
grapev;ine, olive and wheat, which are very adequate from the stand 
point of the climate of Navarra and Logroffo, sun and water perform 
veritable miracles in the irrigated valleys which, in some instan-
ces, are converted into rich gardens of plenty. This is the most 
remarkable contrast: dryland lying next to irrigated valleys, arid 
hills and plateaus alternating with the lushness of river valleys, 
poverty and plenty, discontinuous activity and uninterrupted work. 
And, as we can see, cli~ate plays a decisive role in agriculture. 
The dry periods of summer explain why predominant trees and shrubs 
are of the long .root type, au.ch as olive trees and grapevine and 
when grasslands are parched in summer, cattle has to migrate to 
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other pastures. 
During several centuries the objetive of farmers was the 
production of a little bit of everything. More than for trading 
reasons the farmer produced for his own subsistence, and that is 
why agriculture was mainly base.d on the three traditional crops: 
grapevine, olive and cereals. There was a combination of dry and 
irrigated land agriculture and even a part of the land was set asi 
de to raise flax and hemp. This multicrop agriculture persists even 
today, due in part to the special idiosyncrasy of the farmer and, 
in part, to food requirements. Cereals are an important item in 
agricultural systems but wheat is by far the most important with a 
1938 production in Navarra of 134,768 Tm, as compared with 53.684 
in 1904 with respective yields of 1,320 kgs/Ha and 720 kgs/Ha. 
Compared with wheat, rye is a minority crop, which is grown in the 
worst of the tilled drylands. Between the two above mentioned years 
the production of basic cereals,suoh as barley and oats for cattle 
fodder also experienced a considerable increase. 
Among traditional crops perhaps the grapevine is the one 
which requires a deeper agricultural knowledge, and even though it 
is able to withstand very low temperatures, at least in dry lands, 
precocious cold weather or delayed frost can endanger the crop • .An 
excessive humidity of the soil and warm and rainy springs foster 
different important maladiese Due to its warm and dry climate the 
Ebro valley region is very adequate for raising this type of crop. 
Grapevine flourishes specially in stony soils, with rounded cobbles, 
mixed with very loose red earth where, at a depth of 25 cm, we find 
the cobbles agglomerated by a limestone cement. Many of the soils 
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of Corella, Ci.ntruefligo and Cascante, in Navarra, and Haro and Cen! 
cero, in Logrofio, belong to this type. The right bank of the Ebro 
river is the most favourable from the point of view of grapevine 
cultivation. 
While the cultivation of grapevine has continuously in-
creased that of the olive has gradually declined owing to the fact 
that the conditions of the physical medium, and particularly of 
the climate, are not wholly favourable, as Navarra lies in the 
northernmost geographical limit of the region in which this crop 
can be raised. It is also difficult to cultivate in the mountainous 
zones of the south of Logrono, for it is affected both by low tempe 
ratures and abrupt thermometric fluctuations. To sum up, the provin 
cea of Navarra and Logrono are in the northermost limit of the zone 
where the olive can be raised. 
During a long time horticultural products experienced di! 
ficulties entailed by the lack of adequate transportation, of fer-
tilisers and of those plants necessary.to establish varied and ade-
quate crop rotations. This is why traditional crops occupied great 
extensions of the low alluvial plains. As the abovementioned draw-
backs were gradually obviated these crops were. relegated to other 
zones and new crops, which revolutionised the systems of cultiva-
tion of irrigated lands, were introduced. Amongst these we can men 
tion potatos, beetroot, maize and alfalfa. In 1948 the locality of 
Valterra obtained 60.000 kgs of alfalfa seed with a mean market 
price of 12 to 15 pts per kilogram. In other words, during these 
last few years alfalfa seed is an important source of income. It is 
exported mainly to Valencia and Barcelona. 
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In some points of the Ebro Valley horticulture has reach-
ed an unprecedented degree of perfection, such as is the case in 
Tudela and Calahorra. Among the vegetables of this type the outstand 
ing are tomatoes, Cayenne- peppers, artichokes afid asparagus which 
are chanelled to an important food preserve induGcry, mainly interes 
ted in the export market. Finally we must point out that in many 
places industrial, textile and fruit bearing plants are cultivated. 
Moreover in saline soils, which have been the object of new irri~ 
tion projects,rice growing has been introduced. To swn up, the pri~ 
cipal crops are: 
Cereals. 
Wheat. 
Rye (Secale cereals). 
Barley (Hordeum vulgare). 
Oat (Avena sativa). · 
Rice (Asyza sativa). 
Maize (Cea Mays). 
Leguminous plants. 
Pea (Pisum sativum). 
Bean (Phaseolus vulgaris) 
Roots and tubercules. 
Beetroot (Beta vulgaris). 
Potato (Solanum tuberosum). 
Onion (Allium cepa). 
Textile plants. 
Hemp (Linum usitatissimum). 
Flax (Cannalis sativa). 
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Fodder plants. 
Alfalfa (Medicago sativa). 
Cabbage (Brassica oleracea). 
Horticultural plants. 
Tomato (Solanum lycopossicum). 
Pepper (Cupssicum annum). 
Non-fruit bearing trees and shrubs. 
Olive tree (Olea europea). 
Vine (Vi tis vinifera). 
Fruit bearing trees. 
Almond (Amigdalus 9ommu.m), 
Plum tree (Prum.us domestica). 
Apple tree (Malus communis). 
Pear tree (Pizus communis). 
Hidtography 
In such an extensive region as that occupied by the pro-
vinceg of Logrofio and Navarra, with such varied climatological ch§ 
racterlstics, rivers constitute an important reference point in 
the interpretation of the landscape, for they have played a decisi 
ve role in shaping the relief. Their contribution tofue shaping of 
the landscape by man is forcefully evident in the contrast between 
irrigated and dry lands. 
The Ebro, which is the most important Spanish river flO,!! 
ing into the Mediterranean lends its name to the great basin to 
which both of the provinces studied during the present year belong. 
In the course of the Ebro, which rises in Font:l,bre, in 
the province of Santander, we can distinguish three perfectly defi 
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ned stages, which are conditioned by the topographical characteris 
tics of the territories through which it flows. The first runs 
through the Cantabrian Ranges and highlands of Burgos with a total 
length of 130 km, stretching from its source to Conchas de Haro, 
where the river flows into the plain and penetrates into the pro-
vince of Logrono. The intermediate stage extends from this provin-
ce to Mequinenza, in that of Lerida, through 300 kilometers. The 
final stage, 60 km long, ends in the Mediterranean sea. 
The Ebro crosses the Iberian plain in a northwest-Aouth-
easterly direction, closer to the border of the Iberian system than 
to that of the Pyrenean. This is why the left bank tributaries are 
longer and carry more water than those running into the Ebro from 
the south. In its turn the intermediate stage of the Ebro course 
can be divided into the three following portions: Rioja and Ribera 
de Navarra, which extends from Conchas de Haro to Tudela; from Tu-
dela to Zarago~a and from this last city to Mequinenza. The first 
portion cor.responds to the provinces of Logrono and Navarra and is 
characterised by fertile valleys and important towns lying on its 
banks. 
In this portion the most importam; tributaries of the 
Ebro flowing into its right bank are the Tiron1 which crosses Ochag 
duri, and the Glera which flows past Santo Domingo de la Calzada. 
These two rivers converge in Anguc:Lana and, forming a single watel'. 
course, flow into the Ebro in Haro. Both of them originate in the 
Demanda Range. The Najerilla river gushes in the San Lorenzo Range, 
flows past Najera and joins the Ebro in Torremonte.lbo. The Iregua 
rises in Sierra Cebollera, flows past Torrecilla de Cameros and Al 
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beri te and flows into the Ebro in the neighbourhood of Logrofio. The 
Leza river, which rwis past Soto de Gameros, joins the Jubera, which 
crosses Robres del Castillo, in Murillo, and both rivers shed the:lr 
waters into tlle Ebro in Agoncillo. The Cidacos river, which has a 
considerable length, has its source in the mowitain ranges which 
cross the northern part of the province of Soria; it flows past Ar 
nedo and joins the Ebro in Calahorra. The Alhama river also proceeds 
from the mountains of Soria, flows by Cervera del Rio Alhama, in 1be 
province of Logrono, and Fitero, Cintrue:fligo and Corella, in that 
of Navarra, and then into the Ebro, in Alfaro. In last place, the 
Queiles, which rises in the Moncayo massif, crosses the province 
of Navarra in Cascante and Murchante and joins the Ebro in Tudela. 
Among the left bank tributaries we have the Linares and 
Odron rivers, which join the Lazagurria and flow into the Ebro in 
Menaavia. Both these rivers and the ones we shall name below are 
all in the province of Navarra. 
A much more important river is the Ega, which originates 
in Maester (Alava) flows between the Urbasa Range and the Pefia de 
Joar, flows past Estella, Lerin and Andosilla, and joins the Ebro 
in San Adrian. The Aragon river gushes in the neighbourhood of Ja-
ca, in Huesca, irrigates a great part of the Aragon highlands and 
Navarra and is engrossed by the Esca, which crosses the Roncal va-
lley and flows into its right bank, and the Irati, which originates 
in the Abodi Range, flows past Aoiz and joins the Aragon in Sangii:e 
sa. In its turn, the Irati receives the waters of the Salazar river, 
which has its source in the Larran pass and joins the Irati in Lum 
bier; the Urraul, which flows into it in Ripodas, the Urrubi which 
- 37 -
originates in Roncesvalles and joins the Irati in Gorriz, and the 
Erro river. A very important tributary of the Aragon is the Arga, 
which rises in the passes of Velate and Ezcoitia, flows past Pam• 
plona, Puente la Reina and Peralta and joins the Aragon downstream 
of Funes. On its right bank the Arga receives the Larrano and Ara-
ya, which is formed between the Aralar and Andia Ranges. Another 
tributary 01 the Ebro is the Cidacos, which has its eource in the 
Higa Mountains and flows past Tafalla. Once it has penetrated in-
to Navarra, the Aragon passes by Sigi.iensa, Carcastillo and Caparr2 
so and flows into the Ebro in Milagro. 
To conclude, the Urumea and Bidasoa rivers, which flow 
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STUDY OF SOIL PROFILES 
P R 0 F I L E I 
Anguiano, province of Logrofio. 




Very abrupt terrain. Where the profile was taken 
the gradient is 30 %. 
Silurian. 







10YR3 colour. Mull type humus horizon 
rich in roots and organic matter in which 
cavities and some fragments are to be ooen. 
Silty-sand texture and spongy structure 
of a clotty type. 
10YR4/4 colour. A horizon of silty-sand 
texture and somewhat loose structure, pe£ 
meable and with abundant roots. A rather 
large number of non-rounded grauwacka pi~ 
ces are to be observed. 
7,5YR5/6 colour. Mixture of the penetra-
ble silty-sand _horizon and the C made up 
of a great number of rock pieces of a ra 
ther large size. 
The parent material is a grauwacka in 
transiticnto a micaceous quartzite. 
P R 0 F I L E II 
Locality. Ribas de Teresa, province of Logrofio. 
Situation. Approximately in Km 1 of the road from Ribas de Tere 
so to San Vicente de Sonsierra and on the right hand 
side. 




Topography. Although as a rule the relief is undulated it is 
even where the profile was taken, for it corres-
ponds to the summit of a small hillock. 
Geology. Oligocene in the Haro facies, represented by the 
alternation of limestones, sandstones and light 
yellow coloured marls. 
Vegetation. Thyme, genistas, brambleberry and other Labiades 
plants. 
Soil series. Haro. 
Depth in ems Horizon 
0 - 5 
5 - 10 
10 15 
15 - 30 
30 - 35 
Description 
10YR4/3 colour. Horizon formed by a 
felt of roots and by plant residues but 
very poor in organic matter. Silty-sand 
texture and a loose structure which 
fluctu~tes from clotty to granular. 
1OYR5/4 colour of the somewhat damp soil 
and 10YR6/3 of dry soil. Horizon scarce 
in organic matter of a silty-sand text~ 
re and a structure which varies from 
granular to subgranular polyhedric. In 
this horizon nodules of 0,3 cm in diam~ 
ter are to be observed on occasions.They 
are formed by non-decomposed sandstones. 
Good permeability and penetrability 
throughout roots. 
Sandstone of 10YR5/8 colour, on occasions 
very much decomposed and meteorized. 
Yellowish grey marl with a large propo.!: 
tion of limestone. 
Compact sandstone. 
Observations.- This is an untilled soil but a few meters from it 
there is a field sown with barley which presents 
an indifferent aspect. The whole of the profile is 
of the limes·tone type. Drainage, specially exter-
nal drainage, is good and a swamping of the soil. 





P R 0 F I L E III 
San Martin de Unx, province of Navarra. 
In the road to Ujue, about 200 meters from its 




Topography. Somewhat rough relief formed by a series of 
succesive hills. The gradient at the point wherei 
the profile was taken is 20 %. 
Geology. Oligocene Haro fad.es formed by alternating marl 
and sandstone-limestone layers. 
Vegetation. Labiades, Boragynoceous and Composite plants. The 
predominating crops are cereals and some vine. 
Soil-series. Haro. 
Depth in oms 
0 - 10 
10 - 40 
40 50 







B - C 
Description 
10YR7/4 colour when the soil is 
very dry. No humus horizon is pra2 
tically distinguished except for 
the greater abundance of roots. 
Very poor in organic matter. All 
the horizons have a high limesto:r:e 
content. 
10YR7/4 colour silty-sand texture 
and clotty structure; that is to 
say, made up of more or less roun:l 
ed units which do not fit into each 
other. Numerous "eb.oulies" are to 
be observed and the horizon shows 
a good permeability and penetrabi-
lity through roots. 
Horizon formed by a mixture of soil 
and decomposed sandstone. 
Decomposed c~lcareous sandstone.Ch 
its surface the formation of a l:ime 
stone crust can be observed. 
Compact calcareous sandstone. 
Brownish grey to greenish marl. 
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P R 0 F I L E IV 
Locality. Ausejo, province of Logroffo. 
Situation. in km 29,400 on the right hand side of the national 
pike from Vinaroz to Vitoria. 
Altitude. 540 meters. 
Orientation. Northeasterly. 
Topography. Very rough relief. 
Geology, Oligocene; Najera facies is represented by alter-
nating layers of calcareous sandstone and red loams. 
Vegetation. Composite and Papilonaceous plants. 
Soil series. Najera. 
Depth in ems 
0 - 10 
10 - 40 
'40 - 50 
50 - 70 




Colluvial horizon formed by wash-
out of higher zones. 
10YR6/4 colour in dry st~te. San~ 
silt horizon and somewhat polyhe-
dric structure preferentially in 
the form of cubes with rounded 
edges. The soil is waterproof to 
a certain degree. 
Severely meteorised red marl, with 
a lesser limestone content than 
the sandstone and a lamellar struc 
ture with small roots in between.-
Reddish calcareous sandstone. 
Undecomposed red marl. 
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P R 0 F I L E V 
Locality. Urbasa Range, province of Navarra. 
Si·tuation. In Kilometer 26 of the road from Estella to Zudaire. 
Altitude. 880 meters. 
Orientation. Southeasterly. 
Topography. Slightly undulated relief, but where the profile 
was taken the terrain is even. 
Geology. Eocenic sandstones. 
Vegetation. Beeches and ferns. 
Soil series. La Demanda. 
Depth in ems Horizons 
0 - 15 
15 - 35 
35 - 100 
More than 100 c 
Description 
10YRJ/2 colour. Not much develo~ 
ed humus horizon, sandy, very 
permeable and offering a good PE!: 
meability for roots. 
10YR8/1 colour. Very sandy deco-
loured horizon, resulting of a 
severe washing. It is somewhat 
deeper than the former. 
10YR5/8 colour. Accumulation ho-
rizon less sandy than the former 
ones and with a weakly developed 
structure. This horizon also re-
veals good permeability and pen~ 
trability characteristics for 
roots. As is to be expected, none 
of these horizons reveals the p~ 
sence of calcium carbonate. 









Depth in ems 
0 - 20 
20· - 40 
40 - 60 
Over 60 
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P R 0 F I L E VI 
Peralta, province of Navarra. 
In kilometer 65,400 and on the right hand side of 
the road from Peralta to Rincon del Soto. 
400 meters. 
Northeasterly. 
Rather abrupt overall relief. Where the profile 
was taken the gradient was 10 %. 
Oligocene gypsum facies. 






Colour of the soil is 10YR6/2 in 
the dry state and 10YR5/3 when 
it is slightly humid. Silty tex-
ture and clotty structure. Abun-
dant roots and dejections are ob 
served as well as pieces of gyp-
sum. It is, perhaps, a more or 
less colluvial horizon. 
Very modified gypsum marl of a 
silty texture and a light green-
ish grey colour. Pieces of gyp-
sum are found in abundance. 
This horizon is almost exclusi-
vely formed by pieces of gypsum 
and gypsum marl. 
Compact gypsum bank. 
Observations.- The landscape is constituted by a series of hill-
ocks, most of which are devoid of coating. Until-
led and with hardly any vegetation •. With the ex-
ception of horizon D, the profile is enterely cal 
careous. 
45 -
P R 0 F I L E VII 
Locality. Erro, province of Navarra. 
Situation, Between kilometer 20 and 21 of the road from Pam-
plona to France through Roncesvalles and about 20 
meters from the house of the road foreman in the 
summit of the pass. 
Altitude. 803 meters. 
Orientation. Southerly. 
Topography. Al though ·the gene.ral relief is very abrupt, at the 
place where the profile vms taken, the gradient is 
only 5 ~~. 
Geology. Eocene, represented by alternating banks of marls 
and calcareous sandstones. 
Vegetation. Beeches, ·Quercus, Juniperus, Genistas, etc. 
Soil series. Gameros, 
Depth in ems 
0 - 10 
10 - 30 
30 - 55 
55 - 80 






10YR4/2 colour. Humus horizon of 
a silty texture and clotty struc-
ture. Nwnerous roots are observed. 
2,5Y6/2 colour. Silty textured h£ 
rizon, compact with a polyhedric 
type developed structure. In the 
soil some bits of rock and small-
er runount of roots are observed. 
2,5Y6/2 colour. This horizon is 
also of a silty structure. It is 
ver~' compact and with a highly d~ 
veloped structure which resolves 
itself into very regular and angg 
lous polyhedrons. No roots have 
been observed. 
:Marl of 2,5Y4/2 colour. 
Calcareous sandstone. 
Observations.- All the horizons of this profile, as well as the 
marl and sandstone, are calcareous. External drai 
nage is good due to the topography, but the in-
ternal is bad owing to the compactness of :the soil. 
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P R 0 F I L E VIII 
Locality. Lum.bier, province of Navarra. 
Situation. In kilometer 16,500 of the road leading from Gallur 
to J!1rance via Sangiiesa and on the left hand side. 
Altitude. 500 meters. 
Orientation. Southerly. 
Topography. Rather even or slightly undulated overall reli~f. 
Geology. Marine marls of the Eocene. 
Vegetation. Brushwood where the profj.le was taken, but the great 
part of this zone is constituted by magnificen agr!, 
cultural soils. 
Soil series. Pamplona. 
Depth in.ems Horizons 
0 - 10 A/B 




Slightly diff e~entiated horizon 
with a fair content of organic ma! 
ter and posessing many common cha-
racteristics with the immediate ho 
rizon, although this one is looser. 
5Y6/2 colour. It is a deep, silty 
and very compact horizon of a pri~ 
matic structure. Like the previous 
horizon it is very calcareous. It 
has poor permeability and root pe-
netrability characteristics. 
Somewhat decomposed marl. 









Depth in ems 
0 - 15 
15 - 40 
40 - 60 
Over 60 
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P R 0 F I L E IX 
Leiza, province of Navarra. 
In kilometer 19,500 of the road from Lecumberri to 
Leiza and Hernani. 
600 meters. 
Southeasterly. 
The overall relief is very abrupt with a gradient 
of up to 60 %. 
Lias limestones. 






7,5YH4/4 colour. Humus horizon with 
a good amount of organic matter, sil 
ty texture and somewhat loose clotty 
structure. Many roots are obser\Ted 
§.nd permeability is good 
5YR4/6 colour. Silty textured hori-
zon and a compact structure which 
resolves itself in polyhedric blo.oke\. 
Few roots are observed. 
5YR4/6 colour. Silty and very com-
pact horizon with a very well deve-
loped structure of a prismatic type. 
No roots but abundant coating is OE 
served. Permeability is very bad. 
Compact limestone rock of a greyish 
blue colour with calcite crystalli-
sations in the interior. 
Observations.- The whole profile is decalcified. External draina-
ge is very good due to the gradient, but internal 
drainage is exceedingly bad owing to the compact-
ness of the soil. 
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P R 0 F I L E X 
Locality. Leiza, province of Navarra. 
Situation. Kilometer 12 of the road frtom Leiza to Lecumberri. 
Altitude. 480 meters. 
Orientation. Northerly. 
Topography. Very abrupt terrain with 50 % gradients. 
Geology. Lias limestones, 
Vegetation. .Pasture. 
Soil series. La Demanda. 
Depth in ems Horizons 
0 - 10 
10 - 20 
Over 20 c 
Description 
5Y3/1 colour. Horizon.with a great 
amount of organic matter Tormed by 
a great abundance of plant felt 
and of a sandy-silt texture. Very 
good permeability. Many worms ob-
served. Decalcified horizon. 
5Y2/1 colour. Horizon having aDUch 
smaller amount of roots, less orgQ 
nic matter and a more silty struc-
ture. It is also decalcified. 










Depth in ems 
0 - 20 
20 - 30 
Over 30 
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P R 0 F I L E XI 
Egiiaras, province of Navarra. 
In kilometer 10,700 of the road from Pamplona to 
Ulzama through Egiiaras and on the left had side. 
600 meters. 
Southerly. 
Terrain which is generally.very abrupt with gra-









10YR3/2 colour. Silty and some-
wh~t sandy horizon of a clotty or 
granular structure with many rooiE 
and exceedingly permeable. It is 
not decalcified. 
Calcium carbonate accumulation ho 
rizon owing to the decomposition-
of the underlying limestone. It 
has the aspect of a very calcare-
ous marl or of a white clay. No 
roots are observed. Some pieces 
of rock are found. Silty texture 
and very permeable. 





P R 0 F I L E XII 
Zugarramundi, province of Navarra. 
In kilometer 1,900 and on the right hand side of 
the road running from the Customs House of Dancha-
rine a to Zugarramundi. 
150 meters. 
~rientation. Due south. 
Topography. Slightly undulated terrain with 10 % gradients. 
Geology. Cambrian shales. 
Vegetation. Ferns, Ulex and Ericas. 
Soil series. La Dema.nda. 
Depth in ems Horizons 
0 - 3 
3 - 15 A 
15 - 40 B 
40 - 50 B/C 
More than 50 c 
Description 
Loose horizon constituted by a 
layer of turf. 
10YR5/6 colour. Silty texture and 
granular structure horizon though 
in transition to compact. Many 
roots and a fair amount of organ~ 
matter. The transition into the 
next horizon fluctuates between 
granular and abrupt. 
5YR4/6 colour. Silty clayish strte 
ture and compact block structure.-
On being cut the soil shows luster 
and, abundant coating. Waterproof 
horizon lacking in roots. 
Motley coloured horizon constitu-
ted by a mixture of the B with tQ 
tally decomposed shale~ 
Very silty dark shale. 
Observations.- The whole of the profile including parent material 




Situation. In kilometer 17 of the road leading from Ayerbe to 
Egea de los Caballeros through Ardisa and on the 
left hand side. 
Altitude. 490 meters. 
Orientation. North. 
Topography. The general relief is undulated. 
Geology. Oligocene Haro facies typified by the alternation 
of calcareous sandstones and marls. 
Vegetation. Brushwood and shrubs, particularly pines. 
Soil series. Haro. 
Depth in ems 
0 - 20 
20 - 30 
30 - 50 
50 - 90 
go - 91 
90 - 100 






10YR4/3 colour. Horizon with good hu 
mification cl;larc:1cteristics and a :fair 
amount of org&.nic matter. Muny roots 
and worm dejections are observed.fu_!! 
dy-silt texture and clotty structure. 
Transition horizon. 
10YR5/6 colour. Somewhat more silty 
texture and more compact structure. 
Roots are also observed. 
Horizon in which the underlying por-
tion of horizon B is mixed with ex-
ceedingly meteorised marl. 
Horizon of calcium carbonate accumu-
lation in the form of a crust and o~ 
a whitish colour. 
Calcareous sandstone rock. 
Somewhat sandy yellowish-brown com-
pact marl. 
Observations.- The whole profile contains calcium carbonate. Both 
interior an~ exterior drainage are good. 
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P R 0 F I 1 E XIV 
Locality. Verdun. 
Situation. In kilometer 297 of the road from Jaca to Pamplona 
· in an old aviation landing ground. 
Altitude. 600 meters. 
Orientation. Northwesterly. 
Topography. Even ground. 
Geology. Quaternary deposits resting on Eocene marine loams. 
Soil series. Corella. 
Depth in ems Horizons 
0 - 15 A 
15 - 30 B 
Over 30 D 
Description 
Reddish~brown colour. Silty-sand 
texture and loose granular struc-
ture. Worm dejections and rounded 
cobbles both w1derground and in 
the surface are observed. Rather 
decalcified horizon. 
Brown colour with a redder hue 
than the previous horizon. More 
silty texture and more compact 
structure. Completely decalcified. 
A greater abw1dance of rounded 
cobbles is observed. 
Stony layer made up of rounded 
cobblestones which, lithological-
ly speaking, are limestones or 
calcareous sandstones. No qunrt-
zi te has been fow1d. The cement 
between cobbles is calcareous and 
somewhat sandy. 
ANALYTICAL D A T A 
CHEMICAL ANALYSIS OF VARIOUS PARENT MATERIALS 
Pro- Material Ignition Si02 Al2 0.~ Fe2 0 3 Ti02 Cao. MgO file loss % % o/o o/o % % % 
III sandstone 23, 33 39, 64 3, 25 1, 68 o, 29 28, 95 0, 65 
Ill marl 18, 94 40, 19 15, 19 2, 94 o, 44 16, 12 o, 51 
IV sandstone 9, 20 68, 16 4, 56 1, 47 o, 52 9, 04 o, 66 
v sandstone . 16, 81 55, 92 3, 39 1, 89 o, 37 21, 46 Ind. 
VII marl 18, 80 41, 26 14, 74 2, 41 0, 57 18, 87 Ind. 
VIII marl 24, 09 31, 35 10, 28 5, 77 o, 52 28, 37 1, 11 
IX limestone 44, 05 1, 10 Ind. o, 52 o, 00 53, 05 1, 61 
XII shale 5, 56 68, 52 15, 47 1, 47 o, 81 o, 33 o, 22 
XIII marl 18, 24 42, 69 10, 19 2, 10 o, 43 22, 06 o,:H 
XIII sandstone 21, 91 43, 16 2, 83 2, 31 o, 33 26, 19 0, 80 
S3 
Depth Coarse Fine 
sand sand Silt Clay co,ca 
ems. % % % % % 
Profile I 0 - 20 20, 00 26, 57 26, 62 13, 84 o, 00 
20 - 35 14, 13 37, 86 29, 96 13, 86 0, 00 
35 - 45 22, 56 42, 31 24, 11 9, 27 o. 00 
Profile II 0 - 10 6, 20 35, 00 9, 20 23, 20 25, 40 
Profile III 0 - 10 1, 67 23, 30 12, 00 17,50 45,40 
10 - 40 2, 00 22, 00 15, 80 14, 60 46, 30 
40 - 50 2, 30 29, 30 10, 40 9, 00 52, 90 
50 - 60 5, 00 29,00 a, 10 9, 2() 48, 90 
Profile IV 10 - 40 2, 70 28, 80 24,00 26, 90 12, 20 
40 - .50 o, 60 22, 10 39, 70 29, 30 7, 60 
50 - 70 11, 80 64, 00 3, 60 5, 90 15, 10 
Profile V 0 - 15 11, 70 75, 60 6, 80 5, 90 O, OQ 
15 - 35 8, 60 81, 30 4, 70 5, 80 o, 00 
35 - 100 7, 10 76, 40 9, 30 6, 50 o, 00 
Profile VI 0 - 20 19, 80 
20 - 40 11, 80 
40 - 60 13, 60 
Profile VII 0 - 10 1, 80 9, 70 37, 70 36, 50 3, 50 
10 - 30 3, 70 9, 50 32, 60 33, 70 18, 80 
30 - 55 o, 80 7, 30 32, 00 29, 60 28, 60 
Profile VIII 0 - 10 o, 90 4,40 26, 80 19,20 45, 40 
10 - 80 1, 20 5, 30 26, 40 21, 20 48, 00 
Profile IX 0 - 15 4, 70 21, 00 23, 90 41, 70 o, 00 
15 - 40 4, 50 22, 20 22, 70 45, 30 o, 00 
40 - 60 3, 20 29, 00 22, 60 43, 40 o, 00 
Profile X 0 - 10 3, 60 21,00 28,20 39, 30' 0,00 
10 - 20 4, 70 17, 20 23, 20 52, 00 o, 80 
Profile XI 0 - 20 6, 40 12, 00 21, 30 47 I 5(} 12, 60 
20 - 30 55, 10 
Profile XU 0 - 15 o, 50 16, 30 36-, 50 41, 00 o, 00 
15 - 40 1, 50 14, 30 37, 20 45, 70: 0,00 
40 - 50 1, 70 18, 30 37, 90 42, 90 o, 00 
Profile XIII 0 - 20 1, 30 27,90 14, 10 25, 30 26, 20 
20 - 30 1, 00 16, 30 19, 60 24,70 37,00 
30 - 50 1, 00 3, 50 23, 00 23, 50 49, 60 
50 - 90 o, 90 4, 30 33, 40 16, 70 43, 60 
90 - 91 
100 - 120 0, 80 28, 30 27, 20 5, 40 37, 00 
Profile XIV 0 - 15 7, 60 43, 00 18, 90 2."l, 70 2, 50 
15 - 30 5, 30 34, 90 17, 50 39, 40 o, 00 
30 - 60 14, 20 15, 60 10, 10 16, 30 47, 00 
54 
Depth 
Exchange pH Organic N 
capacity H 20 ClK 
matter 
ems meq, o/n % % 
Profile I 0 - 20 36, 45 
20 - 35 26, 65 
35 - 45 20, 25 
Profile II 0 - 10 10,08 7, 80 7, 10 2, 72 0, 18 
Profile III 0 - 10 7, 68 8, 27 7, 18 2, 25 o, 11 
10 - 40 7, 28 8, 50 7, 61 1, 51 0, 09 
40 - 50 4, 24 8, 60 7, 80 o, 73 0, 03 
50 - 60 8, 52 7, 75 o, 31 o, 01 
Profile IV 10 - 40 11, 04 8, 52 7, 75 2, 45 o, 12 
40 - 50 9, 30 8, 19 o, 36 o, 02' 
50 - 70 8, 90 8, 30 o, 26 o, 01 
Profile V 0 - 15 7,20 6, 40 6, 20 3, 24 o, 15 
15 - 35 1, 20 6, 40 6, 20 o, 57 o, 03 
35 - 100 3, 84 5, 70 5, 30 o, 73 o, 03 
Profile VI 0 - 20 14, 88 7, 78 7, 25 3, 29 o, 19 
20 - 40 8, 64 7, 81 7, 20 1, 09 o, 07 
40 - 60 7, 80 7, 15 0, 70 0, 05 
Profile VII 0 - 10 24,00 7, 60 7, 10 6,60 0, 62 
10 - 30 11, 84 8, 14 7, 32 3, 41 o, 28. 
30 - 55 11, 36 8, 30 7, 40 1, 88 0, 25 
Profile VIII 0 - 10 10, 72 8, 28 7, 54 3, 34 o, 27 
10 - 80 6, 24 8, 40 7, 68 o, 99 o, 07 
Profile IX 0 - 15 25, 60 7, 02 6, 25 4, 80 0,49 
15 - 40 15, 32 6, 99 6, 10 3, 24 o, 23 
40 - 60 13, 54 7, 10 6, 20 2, 35 o. 14 
Profile X 0 - 10 28, 00 7, 42 6, 52 5, 44 o, 51 
10 - 20 24, 64 8, 08 6, 90 2, 03 o, 12 
Profile XI 0 - 20 37, 92 7, 90 7, 12 6, 06 o, 47 
20 - 30 15, 36 8, 38 7, 30 o, 73 0,05 
Profile XII 0 - 15 15, 54 6, 80 5, 85 3, 40 o, 26 
15 - 40 8, 80 5, 30 4, 18 0,83 o, 10 
40 - 50 10, 88 5, 20 4, 12 0, 73 o, 09 
Profile XIII 0 - 20 7, 68 8, 22 7, 10 3, 75 0, 21 
20 - 30 8, 16 8, 40 7, 49 1, 98 0, 13 
30 - 50 6, 88 8, 42 7, 55 1, 09 o, 09 
50 - 90 5, 60 8, 50 7, 60 o, 52 o, 06 
100 - 120 8, 72 7, 70 o, 21 o, 04 
Profile XIV 0 - 15 9, 60 8, 35 7, 32 3, 29 0, 23 
15 - 30 13, 12 8, 42 7, 12 1, 93 o, 12 
30 - 60 5, 92 8, 58 7, 35 o, 57 0, 06 
SS 
7J 
(J P. .~ 1:1 l::l ~ 
.tl • P.. Ql 0 +' ~ :s Limits of Atterberg 0 'H •M •i-t 
il. a 1il~~ 1:) 0 a Ill +' Ql Ill ls"- ~~ Limit Limit Plasticity Ql (J 0 'H +' P.. 0 ~ Ql Ql Ill ~§ liquid plastic Index ~8 P:l (,) 
iil (J 
Profile I 0 - 20 4, 41 79, 40 18, 80 75, 10 52, 60 22,50 
20 - 35 3,04 61, 60 3,10 33,90 25,90 8,00 
Profile II 0 - 10 2, 15 44,00 11, 00 33, 70 18, 30 15, 40 
Profile III 0 - 10 2, 30 47, 80 6, 00 
10 - 40 1, 40 31, 80 3, 80 29, 30 15, 90 13, 40 
40 - 50 37, 60 1, 80 
Profile IV 10 - 40 1, 50 38, 00 1, 30 
Profile v 0 - 15 1, 10 46, 60 40, 30 No plastic 
15 - 35 o, 10 24,40 34,20 . No plastic 
35 - 100 1, 07 36, 60 13, 70 No plastic 
Profile VI 0 - 20 6, 90 56, 50 2, 20 53, 90 30, 30 23, 60 
20 - 40 9, 30 44, 00 o, 20 52, 70 30, 00 22, 70 
:profile VII 0 - 10 4, 30 81, 10 9, 10 76, 30 41, 40 34, 90 
10 - 30 2, 70 49, 60 o, 30 52, 80 28, 80 24, 00 
30 - 55 1, 68 42, 40 0,50 43, 70 22, 10 21, 60 
Profile VIII 0 - 10 2, 30 53, 20 3, 20 48, 20 27, 80 20, 40 
10 - 80 1, 70 34, 50 0, 40 35, 70 18, 70 17, 00 
Profile IX 0 - 15 4, 60 51, 20 
15 - 40 4,00 54, 30 
40 - 60 4, 65 48, 40 
Profile X 0 - 10 5, 65 56, 50 
10 - 20 7, 77 61, 30 4, 20 58,00 33, 00 25, 00 
Profile XI 0 - 20 7, 10 43, 20 43,00 
20 - 30 5, 35 38, 30 43, 20 21, 60 21, 60 
Profile XII 0 - 15 3, 30 64, 30 1, 90 67, 10 35, 10 32, 00 
15 - 40 2, 50 50, 50 1, 50 57,00 28, 00 29, 00 
40 - 50 2, 87 47, 00 
Profile XIII 0 - 20 2, 25 44, 30 2, 70 42, 20 23, 40 18, 80 
20 - 30 1, 10 45,00 4, 10 41, 30 23, 30 18,00 
30 - 50 1, 99 49, 60 4, 30 41, 40 22, 90 18, 50 
50 - 90 37, 40 o, 20 34, 00 19, 50 14, 50 
Prqfile XIV 0 - 15 2, 27 42, 60 23, 50 37, 60 19, 20 18, 40 
15 - 30 2, 93 43, 10 20, 40 
30 - 60 33, 20 20, 40 
56 
T A B L E 
+' ~ ,d § '.8 
"Cl s ~ .~ (I) () z z U'J 
,.c:t ui ~ 8 'El (I) ui ~ ro 1:i :: 0 0 i;::i Cl) ..... cUs:s o 1-t <IJ ~H +. ..... 
==3 ~a ~+>"5·i.. ..... (I) s ro E-t -so E-t 0 +' .... . ..... u f:r-1 (I) () .~ § ro .~ bJJ .... id ro (I) u ~~ Q .s ] 0 s ~ ~ ,d (I) :i:: ~ 0 .~ "d b :: Ct:l Ct:l s ..... f:r-1 f:r-1 P-t ro <IJ 'til (I) ~ . 
:B § ts: Cl) 
0 - 10 5, 950 4, 975 0,165 4, 800 II 
0 - 10 4, 150 3, 175 0, 375 2, 800 
10 - 40 4, 350 3, 150 o, 200 2, 950 III 
40 - 50 7, 150 5, 400 o, 300 5, 100 
50 - 80 5, 750 4, 175 0, 225 3, 950 
10 - 40 5, 400 3, 350 o, 150 3, 200 
40 - 50 13, 950 12,000 0, 450 11, 550 IV 
50 - 70 3, 350 2, 475 0, 075 2, 400 
0 - 15 13, 650 13, 400 0, 150 13, 250 
14, 900 13, 750 o, 275 13, 475 v 
35 - 70 14, 600 14, 200 o, 475 13, 625 
100 20,000 11, 800 o, 250 4, 750 
0 - 20 o, 700 0, 100 0,025 o, 075 
20 - 40 2,000 0,075 0,025 o, 050 VI 
40 - 60 3, 850 0, 700 o, 050 o, 650 
0 - 10 1, 500 o, 975 o, 075 o, 900 
10 - 30 2, 050 1, 225 o, 475 o, 700 VII 
30 - 55 1, 400 0,650 o, 100 o, 550 
0 - 10 0, 725 o, 225 o, 025 o, 200 VIII 
10 - 80 1, 250 o, 600 -0, ·200 o, 400 
0 - 15 4, 300 2, 250 o, 150 2, 100 
15 - 40 5, 250 2,850 2, 150 1, 700 IX 
40 - 60 5, 750 4, 800 o, 375 4, 425 
0 - 10 3, 300 2, 250 2,200 2, 050 x 
10 - 20 3, 850 1, 675 o, 275 1, 400 
0 - 20 1, 950 o, 800 o, 150 o, 650 XI 
0 - 15 3, 150 2, 125 o, 300 1, 825 
15 - 40 2, 700 2, 175 o, 500 1, 675 XII 
40 - 50 3, 150 2, 575 o, 175 4, 400 
0 - 20 4, 800 4; 500 o, 100 4, 400 
20 - 30 2, 600 2, 175 o, 225 '1, 850 
30 - 50 o, 600 o, 475 o, 025 -o, 450 XIII 
50 - 90 o, 325 0,050 o, 025 o, 025 
5, 125 4,050 o, 400 3, 650 
0 - 15 6, BOO 6, 325 o, 125 6, 200 
15 - 30 6, 500 4, 725 o, 125 4, 600 XIV 
6, 200 1, 250 o, 125 1, 125 
Si 
T A B L E I I 






0 - 10 
0 - 10 
lfl - 40 
40 - 50 
50 - 80 
10 - 40 
40 - 50 
50 - 70 
0 - 15 
15 - 35 
35 - 70 
100 sandstone 
0 - 20 
20 - 40 
40 - 60 
0 - 10 
10 - 30 
30 - 55 
0 - 10 
10 - 80 
0 - 15 
15 - 40 
40 - 60 
0 - 10 
10 - 20 
0 - 20 
I <I> 
<I> <I> <I> 
·9 t/l ~ +' <I> <I> <I> +' <I> .... ~ i:l <I> ] ;:j ~ ..... ~ t/l +' ~ <I> Cd rd 0 :;:f cd '§ 0 &~ ~ 0 H ~ ] 0 ~ ~ H ~ 0 tl ..... ct: H ;1:l 't:J rd 1:1 ::i N ..... ~ 0 ~ f.j &.i 0 ~ f.j (/l 
95 47 32 11 6 4 
310 25 57 6 6 1 5 
368 30 50 8 10 1 1 
320 48 40 2 6 3 
252 50 32 8 8 
-
2 
177 63 16 2 7 1 1 
121 36 52 4 5 1 
156 65 25 7 1 
120 53 10 3 8 
-
18 2 4 2 
64 59 14 1 3 17 4 2 
77 44 28 2 10 
-
13 2 1 
56 32 19 16 7 1 18 3 4 
TABLE Ill 













50 2 1 1 
30 13 10 2 3 
106 4 3 1 
2 1 290 
220 4 2 3 3 
300 10 4 
270 17 8 














1 - 2 
- 3 
1 
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MINERALOGICAL BALANCE OF THE "HEAVY" FRACTION 
0 - 15 
15 - 40 




0 - 20 120 
20 - 30 200 
30 - 50 230 
50 - 90 190 
100 150 
D - sandstone 120 
0 - 15 
15 - 30 



















35 53 3 6 2 1 
9 6 2 1 





T A B L E v 
Depth in ems. Feldespaths Quartz 
% % 
Profile II 0 - 10 20 80 
Profile III 0 - 10 19 81 
10 - 40 14 86 
40 - 50 20 80 
50 - 80 16 84 
Profile IV 10 - 40 17 83 
40 - 50 20 80 
50 - 70 15 85 
Profile v 0 - 15 8 92 
15 - 35 15 85 
35 - 70 7 93 
Profile VI 0 - 20 17 83 
20 - 40 14 86 
40 - 60 12 88 
Profile VII 0 - 10 22 78 
10 - 30 16 84 
30 - 55 15 85 
Profile VIII 0 - 10 18 82 
10 - 80 11 89 
Profile IX 0 - 15 11 89 
15 - 40 15 85 
40 - 60 12 88 
Profile x 0 - 10 i3 87 
10 - 20 9 91 
Profile XI 0 - 20 15 85 
Profile XII 0 - 15 12 88 
15 - 40 12 88 
40 - 50 14 86 
Profile XIII 0 - 20 20 80 
20 - 30 15 85 
30 - 50 11 89 
50 ... 90 23 77 
100 14 86 
D - sandstone 15 85 
Profile XIV 0 - 15 7 93 
15 - 30 12 88 
40 - 18 82 
(, 0 
STUDY OF DIFFERENT SOIL SERIES 
Silty-sand Ribera Series.- Fron the agricultural and economic points 
of view the alluvial and irrigation transformed soil phase has the 
greatest interest due to its morphological and topographical condi 
tions. Due to the fact that, as a rule, these -are river valley 
soils, their distribution is irregular and runs parallel to the si 
tuation and importunce of the hydrographic network. Therefore, the 
larger area covered by soils of this series is found along the 
course of the Ebro where they constitute the fertile river valleys 
known as Rioja Alta, Rioja Baja and Ribera de Navarra, which gives 
its name to the series. 
This soil series, to which Huguet del Villar has given 
the name of river valley soils, corresponds to the Sibirtzev azo-
nal soils class and is constituted by a great variety of different 
types and phases, owing to the fact that they were formed by tran~ 
portation arid deposition of soils originating in other locations 
and, therefore, of quite a different nature. Furthermore, we inclu 
de in this series soils of colluvial origin, which were deposited 
either in river or in tectonic origin valleys but to which water 
supply has been made available. They are deep soils of a homoge-
neous profile formed by successive sedimentary layers of a brown 
colour, upon which an A horizon or, more often, an AP horizon evol 
ves (which, as a rule, is not rich in organic matter) for all these 
soils are the object of intensive cultivation. The chemical desin-
tegration of the profile is ~ather good, while the medium texture 
fluctuates between sandy-silt and silty-sand and the structure is 
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clotty and undeveloped. The aeration of the profile is also good 
and somewhat glazed profiles are only to be observed in deep 
layers or in those zones more prone to floods or seasonal swam.p-
ings. 
Within tlds series the most frequent type is the one 
corresponding to the "brown river valleys", that is to say, to 
alluvial and colluvial sediments of forest soils, although in 
some small glens we also come upon yellowigh ochre to reddish 
brown silt alluvia. which correspond to "terra fusca" and 11 terra 
rossa" eroded sediments. In this case texture is more silty and 
structure somewhat more compact, while, at the same time, draina 
ge decreases. 
Stony-silt-sand Corella Series.- This series is very typical 
throughout the whole of the Ebro valley, coinciding with a cha-
racteristic morphological unit and representing the basic domain 
of grapevine cultivation. In certain zones these even surfaces, 
which have been formed on river terraces and erosion glacis in 
different levels adopt specific designations, such as "Sasos", 
"Sarillos" and "Planas". The largest terraces are those of the 
Ebro, specially those located on its right bank, and Aragon ri-
vers. The fundamental differences between terraces and glacis 
lies in the shape of the cobbles and in the presence or absence 
of "caliche" layers. For the rest, the morphological characteris 
tics of the soils formed upon these structural surfaces are simi 
lar. 
The formation of this soil serie corresponds to depo-
. sits and washouts of an, as yet, undetermined age, although it 
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is likely that a gener~l hoisting movement of the mountainous re 
gions lying to the north, which took place during the Pliocene, 
reflected mtself in a severe erosive cycle of the river network, 
dep.ositing in the south heavy bouldery masses which covered the 
region at the end of the Pliocene. We are dealing, therefore, wLth 
alloctonous soils formed in climates greatly differing from the 
present and which once they had been deposited, experienced the 
ensuing effects of the aridity of the medium. 
Owing to the semi-arid climate the permeability of the 
profile and the presence of a waterproof subsoil constituted by 
~gillaceous marls favours an upflowing washing process. During 
wet periods water accumulates on reaching the waterproof layers 
and when·the dry period sets in again, the calc~um bicarbonate 
water rises by capillarity and reaches a zone where calcium car-
bonate precipitates out on reaching.the saturation point and 
forms a very hard crust which cements boulders to each other. In 
these zones where, due to the gradient, external drainage is al-
most excessive or subsoil permeability is high this "caliohe" 
crust is hardly to be found. This is why this culcareous crustis 
lacking in the glacis and terraces situated at lower altitudes. 
The most frequent profile is constituted by a brown to 
reddish brown horizon which gradually gives place to gravel dep2 
sits. The depth of this uppermost horizon is very irregular, 
fluctuating, as a rule, between 30 and 65 cm. It has a silty-
sand texture and a rather loose granular type structure, with an 
organic matter content which ranges from medium to low. There are 
instances in which we can subdivide this horizon into a uppermost 
---------------------------------- ----------
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brown E-dlty-sand loose horizon and a lower reddish, compact and 
more silty horizon. As a rule, this horizon or, rather, these two 
horizons are calcareous and have an alkaline pH, although the cal 
cium carbonate content, which is always of a secondary character, 
fluctuates in a rather wide scale among the different soils. 
Boulder gravels are formed by round cobbles in the case of terra 
ces, and by scarcely rounded cobbles in that of polygenic glacis. 
As a rule they are constituted by white and black limestone, san~ 
stones, yellowish limestones and red sandstones. Their size lies 
between 3 and 5 cm in diameter. The boulders are adhered to each 
other by a sandstone-calcareous cementing material. 
The calcareous crust which is exceedingly hard, compact, 
marly and absolutely devoid of large crystals is often of a varia 
ble depth. In the cases which we have observed it fluctuates 
between 5 and 10 cm and appears between gravel boulders, but more 
often it is found between these and the lowermost layer of the 
soil. 
When,due to erosion.,the soil layer has been washed out, 
boulder gravel appears on the surface and we are, then, confronted 
with veritable lithosoils. 
Marly Haro Series.- Together with the Najera and Peralta series, 
this soil series is the most representative of the soils of the 
most arid zone of the provinces of Logrono and Navarra. These soils 
have developed on a lithological aggregate constituted by an alter 
nancy of Oligocene marls and calcareous sandstones and, due to the 
fact that from that period to our day the region was subjected to 
different successive climatic periods and eroding activities it is 
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understundable that in some cases we come upon discrepancies in 
respect of the ideal type we are describing. 
As a rule in the profile we can distinguish a first hori 
zon constituted by humus, then, one showing different characteris-
tics in texture and structure and lastthe marl which rests on cal-
careous sandstone. The uppermost horizon, of a depth of be.tween 10 
and 20 cm 7 is of a silty-sand or sandy•silt texture and has a slight 
ly developed clotty type structure, evidencing a great abundance of 
roots and a scarcity of organic matter. Under this horizon we have 
another, of about 30 ems in depth, which has been formed by a phy-
sical meteorisation of .the original marl. We next come upon the c1, 
at first somewhat broken down and later compact in nature, and, 
finally, upon the D sandstone. This alternancy is successively re-
peated. The so-called B horizon is of a more silty texture and of 
a higher structural compactness. In this horizon the organic matt.er 
content is almost nil, while in the immediate upper horizon it is 
somewhat. greater, though values are always very low. The whole pr.Q. 
file is very calcareous and although there is practically no down-
flowing wash, and, consequently, the differences between the di-
ferent horiaons are very small a tendency of the B or B/C1 horizo113 
to increase is obsr:rved. It is more probable that this slight en-
richment is due to an upflowing wash considering prevailing drynea:i. 
In other words, we would thus have a slight Ca horizon, for in some 
profiles a light calcium carbonate crust of a maximum of about 5 
cm has been observed. This crust usually lies immediately above the 
calcareous limestone and under the marl. The chemical disintegra-
tion of the profile is very slight, almo&tnil, for, on the one hand~ 
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it is inhibited by the high calcareous content .and, on the other, 
by the climate of the extni.ordinarily dry soil. The drainage of the 
soils belonging to this series fluctuates to a large degree, but as 
a rule, we can say that internal drainage ranges from fair to defft 
cient, while other factors independent of the profile exert their 
influence on external drainage. Therefore, we see that in undulat-
ed zones it is from good to fair and that in flatlands it is very 
deffective. 
The va.rj.abili ty of this soil eerie.sis not exceedingly 
large if we but consider its wide distribution zone. Taking into 
account the chief factors which influence this variability, such 
as topography, degree of erosion, climatic variation and change in 
vegetation we can refer ourselves to the most usual case, which we 
consider as common Serosem, and to a short number of other forms 
which·, as a rule, are lacking in .the neccesary importance to oons-
ti tute complexes with the predominating one and, considering the 
scale we are using, even less so, to undertake their separate car-
tography. Serosem, which corresponds to Stehutt's semi-desertic 
grey soil, is also a grey desert soil. In other words, it is a 
soil in which horizon differentiation is very slight, of a colour 
ranging from light grey to brownish grey, and existing as a climax 
formation of the semi-desertic or arid steppe. It is a superficial 
humus horizon with a scant, sparse vegetation of xerophytic plants. 
As a result of erosion, there are places in which all tra 
soil has been washed out and we are confronted with two different 
cases. In the first place, it may be that marl remains more or less 
modified and that, under present conditions, a superficial soil has 
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evolved or is in the process of evolving from it. This soil is po<r 
in vegetation, exceedingly poor in humus, rich in dust, loose and 
lacking any structure. It is a raw, dusty des.art soil which is t~ 
pical of very hot and dry areas. Or it may be that, due to a more 
prolonged erosive activity and to the slight consistency of marls, 
these have been also washed out and tho hri.rder and more resistant 
calcareous sandstone has remained on the surface. In this case, 
we find dry rendzine which proceeds from that material; that is to 
say, xerorendzine, which is a soil very similar to Serosem, but 
which basically differs from the latter in that it evolves in COf!! 
pact rocks rich in calcium carbonate. 
In undulated relief zones we observed that these mate-
rials accumulated in ravines, viaterways and in the small glens, 
p~ving the way for rather deep se.aiments, mostly silty and dry. 
That is to say, xerothermal silts with an inclination to salinity 
and which, if this salinity increases, give way to a veritable Se 
rosem of Solonchack with a ma:rlced enrichment in water soluble 
salts, which in many occasions is evident to the naked eye by the 
whitish efflorescences appearing in the surface o;f the soil. 
As we proceed towards latitudes situated.· more to the 
north in the province of Navarra, we pass imperceptibly to a dif 
ferent climatic zone as is evidenced by a progressive -darkening 
of the colour of the superficial soil, and, therefore;evolving 
towards the Burosem or brown semi-desert soil. 
Finally, we shall mention that in some very specific Z.Q. 
nes, we observe, next to the alternancy of marls and calcareous 
sandstones, still another of the former and limestone. This is a 
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Mj_ocene aggregate as is the case in a small area of the Bardenas, 
but, as far as soil formation is concerned, there is an identity 
in behaviour. 
Marly Najera Seri~- This serie which we have characterised as 
reddish Serosem appears almost exclusively in the province of Lo-
groffo, that is t·o say, in that territory situated in the right 
bank of the Ebro river. On the other hand, in Navarra we have on-
ly been able to map an important patch Jn the vivinity of Viana. 
In respect df the Haro series, few differences are observed. The 
most important lies in the different colour of the soil, which is 
reddish in the Najera series due to the hue of the marl and sand-
stone, and which, at the same time, implies a variation in the 
composition of these starting materials. 
In the profiles of this series we observe a very sligh! 
ly defined horizon, which is lacking, in most cases, for, as a r~ 
eult of the abrupt topography, eroding processes have been very 
severe. As a rule, this humus horizon is not more than 10 cm deep. 
Under it we find a rather silty horizon of a polyhedric structure 
and of about 30 cm in depth. Next comes an alternating succession 
of red marls and calcareous sandstones. These reddish sandstones 
are found in banks of a greater depth than in the Haro series. llie 
same problems appear in both these series; the two most important 
aspects being erosion and salinity. Normally, Serosem soils reveal 
the highest electricity conductivity values of all the samples 
taken in the different soil series studied. 
Another aspect which is also very worthy of considera-
tion is that embodied by erosion phenomena in which the following 
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three factors exert their influence: nature of the materials, 
which are soft and of a low consistency; scarcity of vegetation; 
and rainfall, which is frequently of stormy characteristics. 
Calcareous sandy-silt Cameras Series.- This soil series comprises 
all those soils which, having evolved upon calcareous materials, 
contain calcium carbonate throughout the whole of the profilee 
The presence of this calcium carbonate is explained, on the one 
hand, by the fact that the distribution area of these soils coin 
cides with zones of a medium rainfall, not sufficiently intense 
to wash out the soil, and, on the other, by the characteristics 
of the starting material, which is made up of limestones; for 
the most part Nummulitic of Wealdean. In many instances these 
limestones alternate with calcareous marls and it is a well esta 
blished fact that marls are difficult to wash out. 
The normal profile of these soils reveals an A horizon 
wi~h good humification characteristics. This horizon is of the 
mulf type and evidences a good organic matter content. It has a 
medium texture and a clotty structure with calcium carbonate 
appearing even on the surface, although in small amounts; pH being 
approximately neutral and _on occasions slightly alkaline. Its 
depth ranges from 10 to 15 cm and roots are foi..lnd in abundance. 
In a gradual transition we pass into the B horizon or 
horizons, as a rule of a more silty texture and a more highly d~ 
veloped polyhedric type structure. The limestone content incre~ 
es with depth and reaches a value of JO %. That is to say,it is 
often poss:ible to find a we.l;I. defined Ca horjzon or, at 1€0.St, a Caco3 
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accwnulation in the lowermost zone of horizon B2 • In other cases 
this limestone horizon as such is lacking, but pH is alkaline and 
the absorbent complex has a Ca ions saturation. The thickness of 
the limestone horizon depends. on the maturity of the profile and 
the magnitude of the limestone content of the original material. 
·As a rule; originary material is limestone or calcarecus 
sandstone. Sometimes, these materials alternate with marls, in 
.. 
which case the influence of marls is evidenced in the profile, fo~ 
generally speaking, texture becomes more silty in character, and 
structure, consequently, reveals a greater compactness. Owing to 
their abrupt topography, the external drainage of these soils is 
generally rather good, while, due to the above mentioned circuns-
tances, internal drainage is slow. 
Owing to the fact that the primary grades in the devel~ 
ment of these soils are rendzines, the association with this type 
of soil is rather frequent. An example of rendzine is Profile XI, 
in a zone where the highly predominating series is the one we are 
now considering. If we were to undertake our study in another 
scale it would be relevant to establish complex zones, but in this 
case it is sufficient to call attention to the exceptions to this 
series. 
Silty-sand La Demanda Series.- This soil series belongs to the 
brown forest earth or Central European brown earth group and appears 
in two principal distribution areas, one of which coincides with 
the basically Silurian formation of the Demanda Range. This patch 
is located in the southwe·stern zones of the province of Logrono 
and is identical to that lying to the northeast of the province of 
71 -
Navarra in its boundary with France. In Navarra this patch has 
evolved on materials which are also Siliceous in nature but co-
rresponding to sever~l geological periods, for the most part Si-
lurian, Devonian and Carboniferous. 
As a rule these soils are moderately acid and mature 
and the three horizons, A, B and C, are perfectly characterised 
in their profiles. We must say, however, that in some cases these 
profiles.are not entirely normal for, in the soil mass, we obser-
ve pieces of rock or "eboulies". The humus horizon, between 10 
and 20 cm in depth, is rich in organic matter. Immediately below 
it we come upon a structural type B horizon of a vari~ble depth, 
which generally fluctuates between 20 and 60 cm and. is poorer in 
organic matter. These two horizons evolve upon different types 
of rocks, the most abundant of which are sandstones and shales. 
They are well balanced soils as far as texture is concerned, but 
there is no predominant granulometric fraction in none of the 
horizons of the profile. Their structures are either slightly com 
pact or absolutely lacking in compactness, in which crumby and 
clotty types prevail, and in no ins-tance a brusque transition from 
any of these horizons to another is to be observed. Both external 
and internal drainage are good, due, on the one hand, to the struc 
tural and textural· conditions of the profile, and, on the other, 
to the topographical characteristics of relief which, as a rule, 
is rather abrupt. 
From the standpoint of the lithology of the starting m~ 
terials we have differe:n1tiated (but .not expressed cartographical-
ly) two principal forms. We have first the Oligotropic brown soils, 
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which are in an overwhelming majority, the original rock of which 
is sandstone, quartzite or some crystalline rock. These are soils 
exceedingly poor in nutrient subst8ttces and ·with a low or medium 
saturation in bases and evidencing the typical silty-sand texture. 
The other form is·embodied by brown mesotropic soils, that is to 
say, in transition to entrophic forms, and more difficult to be 
found in those areas, such as Zugurramundi, where shales are pre-
sent in large quantities. These are soils of a more pronounced 
silty character with a more compact structure, a lower degree of 
acidity and having a much more intense soil activity. 
In the midst of the brown forest soils, we have found 
"ranker" forms and podsolized soils (these lei.st in the Urbasa Ran 
ge) which forms very minute and isolated enclaves, whd.ch are prac 
tically impossible to map. 
Calcareous stony-sand Moncalvillo Serim- The whole of the border 
of the Tertiary basin of the Ebro, both in its southern part, pr.Q_ 
vince of Logrono, and northern, Navarra, is ocuppied by gross ma-
terials: enormous cobble deposits of the Oligocene period, which 
characterise transition into the Secondary age. These cobble and 
boulder gravels, which often attain a considerable size, are of a 
calcareous nature and after being deposited were cemented to each 
other by a material which is also calcareous in nature~ Theycons-
titute, therefore, conglomerates which extend through the north 
of the province of Huesca, as it is to be observed in San Juan de 
la Pena, close to the ancient Manastery, and in Pena Oroel, in 
the neighbourhood of Jaoa. The calcareous conglomerates of the 
Moncalvillo Range, in Logrofio, and in Navarra those of the:'.?erdon 
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Range are typical. 
These conglomerates are the sturting material of rendzi 
niform soils, as a rule superficial and sustaining an exceedingly 
poor vegetation. It is a very open material for the profile, does 
not allow a firm hold for long roots. They are very dry soils with 
an exclusively external drainage. The profile reveals a generally 
loose and very thin soil rich in mineral substances, but exceedin,g 
ly poor in limestone and hwnus with a depth of from 5 to 10 cm. 
As is to be presumed, it has a high calcium carbonate content even 
on the surface and, therefore, shows a strong alkaline reaction. 
1_: 
The mechanical disintegration of these soils is intense owing to 
the considerable fluctuation in temperature and to the practical 
inexistence of downflowing wash. The transition from horizon A to 
parent material,made up of the above mentioned. calcareous conglo-
merates takes place through an almost always well developed Ca 
horizon. 
Stony-sandy Santurde,i"o Series.- Areas ·corresponding to the Santu£ 
dejo Series have only been located in the province of Logrofio, at 
the base of the northern watershed of the Demanda Range; that is 
to say, on Siliceous starting material of an A-C profile. These 
are, therefore, poor,· loose and small Clepth soils evidencing a 
slightly acid reaction. The starting material is a rather loose 
conglomerate constituted by pieces of rock which,as a rule,are 
hardly rounded and polygenic in nature. Generally speaking, it is 
mainly made up of sandstones and quartzites. The cementing mate-
rial, which lies between these cobbles, is sandy, loose and Sili-
ceous in nature. 
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The A hwnus horizon is thin und very poor in organic 
matter. Both internal and external drainage are good, but, due to 
the defficiency in nutrient elements and to the bad constitution 
of the profile (there are rocks even on the surface), these are 
very poor agricultural soils. 
G_y psum-marl Peral ta Seri ea- This soil series, which has evolved 
from the Oligocene gypsums and gypswn bearing marls, is almost com 
pletely located in· that part of the province of Navarra lying on 
the left bank of the Ebro river, from Lozagurria to Milagro, the 
center of which is Peralta. Other gy1'srun areas of variable exten-
sion are distributed across the province of Navarra. In the pro-
vince of Logrofio gypsum·areas are of a much lesser importance. 
Though this Peralta series has profiles which are morpho 
logically very similar to those of the Haro and Najera series, on 
the other hLJ.nd it reveals a basic dif'i'erence which consists in 
tlm t the al ternacy of limestones and marls, so characteristic of 
these last two series 1 is substituted, in that of Peralta, by the 
prev1ously mentioned alternancy of gypsums and gypswn-marls. This 
implies a landscape of an even greater aridity and almost lacking 
in any vegetation or, in the best of all possible cases, with a 
representation of gypsofiliae. These soils are also characteris-
tic of undulated reliefs, due to the intense erosive activity, 
where partly denuded hills and hillocks alternate with glens chok 
ed up with deep silty sediments and of such a defficient structure 
that drainage is absolutely prevented. They are, therefore, zones 
where the highest salinity levels are attained. 
- 75 -
.In the hills, which are the predominating feature, the 
typical gypsum Serosem profile is constituted by an A horizon 
rather poor in organic matter, about 20 cm in depth, of a silty-
sand texture and a somewhat clotty structure which gives place, 
without any transition whatsoever, to the highly altered gypsum 
marl. In its turn this marl rests on a hard and compact gypsum 
bank. Alkaline reaction is evidenced throughout the whole profi-
le, which has a limestone content ranging, in the different ho-
rizons, from 12 to 20 % calcium carbonate. 
Marly Pamplona Seriw.- This soil series extends as a continuous 
band from the region of Pamplona to Sangiiesa and corresponds to 
the Nummulitic marly facies. It is another Serosem variety which 
is more calcareous and silty than those described in other soil 
series. Within the province of Navarra it constitutes the bounda 
ry separating the arid and humid zones, where a considerable in-
crease in rainfall is observed. This increase exerts a consider~ 
ble influence in bettering agricultural yields and utilisation, 
due to the compensation of the defficient profile characteristice 
that it entails. 
Natural profiles reveal a thin humus horizon of only 10 
cm in depth with a medium content in organic matter. In.these 
soils of a certain limestone content humus appears in the mull 
form-. In cultivated soils, which make up the most part of this 
area, this horizon is substituted by another of an antropic cha-
racter, which, as is to be expected, is very deep. After this A 
or AP horizon we come upon another which is much deeper, as a 
rule over 70 cm. It is more silty and very compact with a pri~ 
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matio structure and defficient internal drainage. Although deep-
er still we come upon the real marl, which, at first, appears d£ 
composed and is later compact in nature, that is to say the real 
c1 and c2 horizons, we can consider that the starting material 
in the Serozem formation is the horizon underlying A1 ~ In other 
words, we presume that it is constituted by ~arl itself, though 
in an advanced meteorisation stage, of impossible formation under 
conditions now prevailing. We are dealing with a relict B hori-
zon. 
All the profiles of these Pamplona series are exceedil1£ 
ly calcareous, with calcium carbonate contents of over 45 %, and, 
therefore, of a very alkaline pH, with values greater than 8. 
Marly Larraun Series- Soil distribution in the Larraun series is 
structurally linked to that of the original material and to the 
climate, for these soils have evolved upon extraordinarily calc~ 
reous materials and under abundant rainfall conditions. They are 
mature, extensively desintegrated soils 9 completely decalcified 
or evidencing a slight secondary enriqhment and with typical te,2£ 
tural B compact horizons, with a highly developed structure, and 
almost always exceedingly plastic and characterised, on cutting, 
by a waxy luster. The iron present .in these soils is always pep-
tised and in many instances it is separated under the form of 
cone r a ti on f\ that is to say, constituting more or less hydra-
ted iron hydroxides. This is why the colour of these soils ran-
ges from yellowish ochre to red. 
Both terra fusca and terra rossa belong to this Larraun 
series. The dynamics of the formation process of these soils, con-
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sists, in the first place, of a dissolution of limestone follow-
ed by a deep chemical modification of the residue and, finally, 
by the oxidation of the products formed. 
The morphology of these soils reveals, first and fore-
most, a humus horizon of a depth of 10 to 20 cm with a fair con-
tent in organic matter. Humus is of the mull type, although mul-
liform moder transition forms are also found. As a rule this A 
horizon is sandy-silt or silty with a good to fair internal 
drainage and showing a well developed structure generally of the 
clotty type. 
We next come upon one or several B horizons in which 
the typical characteristics of these soils are more intensely 
appreciated. The colour of these horizons is exceedingly intense. 
The soil mass, which has a silty or clayish-silt structure, is 
very compact from the structural point of view, devoid of cavi-
ties in the hwnid state and very hard when dry. The structure 
resolves itself into angulous aggregates of the polyhedric or 
prismatic types. The depth .of each of these horizons is from 20 
to 25 cm. Internal drainage is decidedly bad. 
In the majority of cases, the soil, which is easily 
erodable and, therefore, subject to numerous transpositions, rests 
directly on the non-desintegrated C horizon, which, as a rule, is 
a very pure, compact limestone, such as is the case of the grey 
Cretaceous and Lias grey limestones. 
The topography of those areas covered by the Larraun 
serie is very abrupt, and this, together with the steep gradient 
of the limestone banks, intensifies the erosion of soils whose 
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characteristics strongly favour this process. This is why lying 
next to each other in the same zone we find a great variety in 
degrees, ranging from purely denuded soil, lithosoil, to heavy 
sediments of over a meter in depth. 
Though the soils here studied are decalcified, pH is 
sliehtly acid or neutral. These soils are also characterised by 
thei12 low electric conductivity values and by their overall ex-· 
change capacity which presents rather rd.gh numbers. 
Lithosoils.- In the soil maps of the provinces of Logrono and 
Navarra, a. special symbol is employed to indicate tlrnse zones 
corresponding to erodalareas, which almost always concide with 
the series of more calcareous soils or of those which have evol-
ved upon calcareous rocks. As a rule these zones are small and 
isolated if we compare them with the great extensions of denuded 
soils in other Spanish provinces. 
As a rule lithosoils represent, at the same time.1 the or]: 
ginal and final stage of calcareous soils evaluation. Their pro-
file' is ve.ry simple indeed, for, at the most'· we may distinguish 
an (A) horizon, which is not a humus horizon, but only constitu-
ted by the residues of higher plants, such as lichens, moss and 
some gramineous plants, which have begun to settle the rook. It 
is, therefore, a very thin horizon followed immediately by the 
calcareous rock. 
AGROLOGICAL VALUE OF THE SOIL SERIES 
The factors which can exert their influence on the 
greater or lesser agrological value and utilisD.tion of the dif-
ferent soils studied in Navarra and Logrono are many. If we pr.Q 
ceed to analyse them we come to the conclusion that besides pro-
file morphology, climate and topography are of a decisive impor-
tance. The morphology of the profile acquaints us with the cha-
racter and properties of the different ho:d.zons and their respe.Q 
tive depths and the development of the profile, as a factor of 
soil depth, is the most important aspect. But in respect to this, 
we must take into account that due to erosion and topographyihese 
provinces reveal a great variety of soils, ranging from the young 
est to the more highly developed and, with the only exception of 
the Ribera series, this variation is intimately related to the 
depth of the profile. 
As far as climate is concerned, we have already shown in 
another chapter how~on occasions, it sets the limits of that area 
where a definite crop is raised due to prevailing temperatuit?es in 
the region, but rainfall is even more decisive, and in some sones 
of the Ebro valley this is so true that the lack of moisture pre 
vents the raising of crops. 
If we analyse the agricultural value of the different 
series we see that the Ribera Series soils are the best agricul-
tural soils of the provinces studied due to their absolutely flat 
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topography, depth, textural and structural churttcteristics and W§:. 
ter economies. As, for the most part, they are irrigated soils, 
there are no draught problems and at the same time thermal fluotl!!! 
tions are attenuated. ~rhey are intensive farming soils where the 
principal crops are fodder and industrial plants and vegetables. 
The Corella Series soils are of a medium texture and fl.at 
topography, but have a very stony profile which difficults root 
penetration for most plants and which displays the most undesira-
ble characteristics when "caliche" layers, absolutely water-
proof and unpenetrable are present. Due to this fact the best pos-
sible and useful crop which can be raised, and in fact is raised, 
in those soils is grapevine, which represtmts one of the greatest 
assets of these provinces. As a fact, the grapevine plantations 
of the Rioja are an institution and their chart:.cteristics are a 
consequence of these soils. Even if there were an abundance of wa 
ter, the trunsformation of these soils would not be a profitable 
investment, for their defficient profile conditions would still 
subsist. A meticulous conservation of the vine and the adoption 
of those measures leading to an increase both in quantity and qu_g 
lity of grapes and an outright anticryptogrammic campaign would 
be much more profitable from the economic standpoint. 
The Haro and Najera marly Series are mostly made up of 
dry land basically cereal raising soils, although this does no im 
ply that both from the pedological and climatic standpoints they 
display the best possible conditions for this type of crops. From 
the point of view of the climate the variable succesion of atmos-
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pheric phenomena is frequently reflected on the crop. From the 
standpoint of soil itself, variations are also quite large, spe-
cially from the viewpoints of texture and structure, and also as 
respects the depths at which marl and sandstone are to be found. 
As a· rule topography is undulated, characterised by a succession 
of hillocks and small plains, in which soil depths are much great 
er, in between. A conse~uence of this topography are the differe.!! 
ces in external drainage, which fluctuates from good to inhibited. 
On the other hand t generally speaking, internal drai,nage .ts rather 
defficient, basi.cally due to a bad profile structure and, in an 
even greater degree, to the presence of waterproof marl banks. If 
to this we add the low exchange capacity and the marked defficie!! 
cy in nutrient elements we come to the conclusion that these are 
soils of a median agriculture value which adequate cul tiv.ation and 
the :r:.i.ecessary amrnends will enhance in an.extraordinary degree. 
On the assumption that the necessary levelling work dooo 
not leave marl and sandstone on the surface, flat or slightly un-
dulated areas are liable of being transformed into irrigated land, 
such as is at present the case of the Carcastillo zone. The only 
importa.nt problems which may come up in this transformation and 
limit its degree of success are those relating to salinity and 
drainage. 
Finally, a very urgent problem which demands a rapid S.Q. 
lution is the intense erosion experienced by the Haro and Najera 
soil series. Freshets destroy cultivated fields, washing out the 
ploughable layer and, at times, almos wiping out the furrowsdue to 
the plough. 
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The Peral ta Series soils have a nil or almost nil agrolo 
gical value either lacking in/or with a scarce vegetation repre-
sented by a sparce xerophytic bush. The only solution to this prQ 
ble~ is a reforestation with draught a11d gypswn resistant species 
which we already have observed in some zones. 
Perhaps the series evidencing the greatest agricultural 
value is that of Pamplona, located in a zone where rainfall is al 
ready greater, topography slightly undulated and in which crops, 
basically cereals, have considerably bettered the conditions of 
the natural profiles, deepening the humus horizon and improving 
the soil structure with good water retention, slow but not insuf-
ficient drainage and medium plasticity. The appearf:lllce of these 
cultivated fields is sufficiently expressive, but, as we said be-
fore, is not related to the characteristics of the natural profi-
les. 
The five remaining series belong to a more hwnid, but, 
at the same time, more abrupt habitat, which is almost always t~ 
ken up by natural pasture, forest or brushwood. Among these se-
ries the Demanda Range Series, which belongs to the brown forest 
soils, is the most outstanding from the standpoint of its exten-
sion. In this series the oniliy variable factor is the profile's 
depth., which becomes superficial in thos"" points situa:ted on steep 
gradients. These types of relief, together with prevailing clima-
te, are determinant in the agricultural utilisation of these soils 
which are taken up by permanent pastures, except in those places 
where, due to very steep gradients or the distance from villages 
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or hamlets, they have been turned over to woodlands. 
A natural u·tilisation of pastures must often take into 
account the analysis of fertiliser needs in order to increase the 
amount of grass as well as its quulity and nutrient value. 
1'he Larraun and Cameros soils series are turned over ·to 
an identical utilisation. These are always silty soils witl1 a @od 
water retention capacity !:incl a good depth in those places which 
have not been affected by erosions and j_n those others where they 
are covered by permanent pastures. As in the more abrupt zones 
these are easily erodable soils, calcareous efflorescenaes are qui 
te frequent. Particularly in Navarra this erosion has bean inhibi 
ted by a timely reforestation. In the valleys which have been fil 
led up by materials accumulated by the erosion of these soils, a 
high degree of fertility has been attained and, in consequence, 
they have been turned in part to agricultural purposes other than 
pastures. 
In last place, the Santurdejo and l:foncalvillo Series h.!'! 
ve a low agricultural value. Their topography is very_ abrupt and 
they are characterised by stony profiles displaying large cobbles 
almost always cemented to each other. Due to this vegetation is 
practically limited to bush. 

MINERALOGICAL STUDY OF THE BULKY FRACTIONS (SAND) 
OF THE MATERIALS STUDIED IN THE EBRO VALLEY 
The "sand" fractions from mechanical analysis, were au.£ 
jected to a preliminary treatment before undertaking the optical 
study of their constituent mineral grains. This preliminary treat 
ment was based on subjecting the sandy materials to the action of 
acids (hydrochloric and nitric), subsequent and repeated rinsings 
with water, drying in furnace and screening through a 0,5 mm mesh 
sieve. The mineral grains thus treated are now perfectly clean and 
ready to be studied with the petrographic microscope. 
In the case of every sample a given weight of sand (Ta-
ble I) was taken and the sample was weighed once more after the 
acid treatment, rinsing and drying operations had been effected. 
In the gravimetric table the loss due to carbonates, which is ve-
ry severe in the case of calcareous materials, is expressed. Next 
the samples were treated with a high specific gravity liq_uid in 
order to achieve separation between the ;'heavy" and "light" frac-
tions of sand. The liquid employed was high purity bromoform of 
2,9 specific weight. In the said Table I the weight values ofboth 
substances are expressed. 
The "heavy" fractions, previously submitted to; an alco-
hol rinse were employed for preparation on electric plate, Canada 
balsam being employed as the inclusion medium for the mineral 
grains. The "light" fractiors were employed in free preparation (net 
fixed as in the case of the heavy fractions), while the inclusion 
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of .the mineral grains was achieved with a mixture of benzene chlo 
ride and nitre-benzene in such proportions that the refraction iQ 
dex of this mixture is in equilibrium with that of quartz. Thus 
th.e general optical separation of quartz and feldespaths is easily 
achieved with no differentiation in species. In Table V the propC!£_ 
tions of both minerals in each sample are shown. 
In Tables II, III and IV the results obtained in the mi 
neralogical analysis of the "heavy" fractions are shown. .Among 
the mineral species identified those of a higher resistance (tou£ 
maline, zircon, rutile with traces of anatase and brookite) are 
prE:dominant. The.se species are characteristic of acid rocks and 
are considered in sediments as common, very resistunt and almost 
indestructible. Garnet, which is less stable and less frequent,is 
found here in association with the abovementioned minerals. A great 
er degree of constancy- is evidenced in profiles II, III, IV, V and 
XIII. 
We find absolutely no evidence of materials characteri§ 
tic of basic rocks (amphiboles and piroxenes) and only slight tr~ 
ces of those non-resistant species characteristic of metamorphism: 
staurolite, disthene, andalusite and sillimanite. Only in profile 
V is there eny evidence of the association of these mineral spe-
cies which are also present in the sandstone (parent material) of 
these materials. 
We, therefore, suggest as constant association of this 
Ebro valley materials studied in this investigation, that of the 
"heavy" transparent minerals. These are scaly,reddish haematite 
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and brownish-ochre limonite grains which are the result of the al 
teration of more primitive stages. We have also identified a short 
number of leucoxenic whitish grains, which are related,by deriva-
tion, to rutile 1:.1nd anatase. 
The study of the "sand" fraction of ·these materials r~ 
veals a severe chemical erosive activity,and only the more stable 
species and many opaque grains which are the result of alterations 
subsist. 
From the agricultural standpoint, and as far as soils are 
concerned, these bulky fractions, which.are considered as their mi 
neral reserve, are of no interest at all as such reserve, for they 
hardly contain any "basic" minerals which are the fertilising ion 
carriers. Moreover tho 11 lie;ht" fractions are quartz containing in 
a very high degree, for this mineral constitutes over 80 ~~ of the 
said fraction. This is also the case of old soils which have lost 
the greater part of the attackable minerals which entered into 
t.hem 9-ue to thE3 severity of the erosive process ancl where only a 
sand constituted by quartz and resistant minerals remains. Felde.§_ 
paths are few and very much modified and the great scarcity of P.2 
tassiun is evident. Bioti te, which is a carrier of this element, is 
also absent from these materials almost without exception, even 
though it is derived from acid rock. This is due to the ea.Ee with 
which its mica is modified. In profile IV samples~sorne chlorite 
scales which are derived from the modification of biotite can be 
observed. 
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As respects grain morphology, it denotes the mechanical 
activity to which mineral grains have been subjected and recogni-
zable cr;~rntalline forms are very scarce. Subangular and subrounded 
forrns are predominant, evidenoi.ng fracture and washout. 
In concluding we must mention that from the mineralogi-
cal analysis carried out on the "sand" fractions,we have establish 
ed beyond doubt that we are dealing with extremely subdivided and 
modified materials on which different physical and chemical activi 
ties have been exerted which have .given place to mature materials 
subject to removals and motions. 
STUDY OF THE CLAY FRACTIONS 
I.- Teclu1i(1ues employed. 
Techniques employed in electronic microscopy. 
A model 2A, RCA microscope belongine to the Institute de 
Optica 11 Daza de Valdes", of the c.s. de I.e. was employed. 
The techniques employed were the following three: normal; 
gold-palladium shadowing and gold carbon replica. Suspension wa·s 
undertaken in water with 0,1N NH3 and dispersion effected with ul 
trasound waves. Normally 7.500 to 18.000 diameter screen enlarge-
ments were employed. 
Techniques employed in the study of samples by X-ray 
diffraction. 
An X-ray PW1010 Phillips generator with PW1050 wide ran-
ge Goniometer and Electronic Circuit Panel with Recorder PW1051was 
employed. 
Working conditions were as follows: filtered copper radi~ 
tion, ,40 Kv. 20 mA scan speed 1Q per minute; divergenc·e slit, 12; 
scatter slit, 0,2; receiving slit, 1Q; time constant, 4 seconds. 
The following diagrams were obtained: a) of the whole untreated 
clay. In the case of the existence of a large amount of organic 
matter this was previously eli~inated by treating it with 20 vols. 
of hydrogen peroxide. b) of the clay after having been subjected 
to treatment to dissolve free sesquioxides. c) of .the previous cJay 
treated with glycerol. 
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Techniques employed in different:Lal thermal anal;y:sis 
(D.T.A.) and deh;y:dration curves. 
Differential thermal analysis was carried out with the 
apparatus and·by the method which Aleixandre has described. The 
sample and the inert material are placed in a nickel block and 
heating is effected at the rate of 12Q C per minute. 
Dehydration curves are estimated by the intermitent he_§!; 
ting method. Points were marked at·1002 C intervals. 
These methods have confirmed the results obtained in the 
first two methods and have not introduced any worthwhile modifica 
tion in the conclusions reached. 
II.- Miner~logical description of the dj_fferent profiles. 
PH.OFILE I 
PROFILE II 
Depth in cm. 
0 - 20 
20 - 35 
35 - 45 
0 - 10 
Very similar among themselves and to the 
others as we shall see later on. The il-
lite-kaolinite association defines them 
in similar proportions. We must indicate 
that chlorite is not abundant in the 
first horizon, but is present in large 
amow1ts in the lower horizons. Through-
out all the horizons many iron oxides and 
quartz are to be found. 
Illite and kaolinite continue to be pre-
sent in identical proportions, thoue;h 
the former has been modified in the diIB.Q.. 
tion of chlorite. Lines are well defined 
PROFILE III 0 - 10 
10 - 40 
40 - 50 
80 -- 90 
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and some fine quartz and a rather large 
amount of goethitic-haematitic iron are 
present. 
Basically constituted by kaolinite and 
illite, with a predominance of the lat-
ter over the former; besides it has evol 
ved in part in the direction of chlorite. 
This profile has a rather large amount 
of goethitic iron. 
Identical illite-kaolinite association, 
which both in this horizon and in the 
two lower ones is to be found in similar 
proportions. Loose, abundant forms of 
goethi te adsorbed on the surface of oiher 
minerals of this horizon have been ob-
served. The presence of finely divided 
amorphous material is also noteworthy. 
There is mica and typical kaolinite al-
though it rarely appears unbroken. Iron 
forms reach great lengths. 
The repeated illi te-kaolini te ass:ocia-
tion is continued as well as the preseg 
ce of chlorite throughout the entire pro 
file. Iron appears as in the inunediate 
higher horizon. 
PR01HLE IV 10 - 40 
40 - 50 
PROFJLE V 35 - 100 
PROJ!1ILE VII 0 - 10 
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Illite predominates with somewhat modi 
fied mica, kaolinite is fragmented; 
much lesser amount of iron than in oiher 
samples. The presence of different forms 
of calcium carbonate, though rhombohe-
drons predominate, is a very characteris 
tic feature. 
Greater proportion of illite than of k9.o 
linite, but it is to be remarked that it:IB 
in this horizon where chloritic altern~ 
tion is accumulated. Some well defined 
quartz and colloidal and goethitic forms 
of iron are observed. Calcite rhombohe-
drons continue to be present. 
Almost the same proportion of illite 
and kaolinite. It is to be remarked tffi.~ 
with the only exception of quartz, the 
other components of the sample are not 
very well defined to X-rays, and that 
with the electronic microscope only a 
few, short iron fibers are seen. From 
the above it is to be presumed that its 
crystallisation is not perfect. 
Thpugh the illite kaolinite association 
persists a few considerations on the 
profile must be advanced. To start with, 
10 - 30 
30 - 55 
0 - 10 
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this hj_e.her hortzon is :hacking in chlo.r 
ite, in oposition to the rest of the ~Q 
file. In sample 2.100 we also observe 
some amount of quartz and par·ticularly, 
loose colloidal and haematitic iron. 
We have found some idiomorphous kaolin_i 
te as well as clear cut pyrite cubes and 
calcite rhombohedrons (in both cEurns in 
minimwn percentages) clear cut large Jl1l!! 
covi tes with amorphous substances on the 
surface. Illite size ranges from medium 
to small (within the 2 fraction) and 
we have observed some forms which can 
be attributed to apatite. 
Illite appears very clearly modified re 
sulting in the presence of chlorite in 
the sample. It assumes an amber-like a.12 
pearance and as a consequence of the 
excess iron obtained in the transf orma-
tion, this element is found in abundan-
ce both in small concretions and in the 
free acicular state. 
This profile has larger amounts of illi 
te than of kaolinite, but the former is 
modified and appears in amber-like forms 
as in the previous profile. As for kao-
PROFILE IX 
PROFILE XII 
10 - 80 
15 - 40 
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linite it never appears in complete and 
well preserved forms. In this caso too, 
large amounts of iron and pyrites cubes 
are observed. 
Predominance of illite over kaolinite 
is evident. As in the previous level chl.£ 
rite derived from illite is present. 
There is a great amount of goethitic-h~ 
matitic iron present, both free and ad-
sorbed on the edges of lamellar minerals 
etc. Some quartz and pyrites cubes are 
observed. 
Though the illite-kaolinite association 
40 - 60 ·is the characteristic feature, as a 
whole the profile is poor in minerals. 
Illite appears modified, in part in the 
direction of chlorite. This modification 
is manifest in the background of the di~ 
grams and by the presence of large amomts 
of amorphous substances and colbidal iron. 
The amount and form of the iron~together 
with the above mentioned features lends 





40 - 50 
Illite and kaolinite are found in simiJ.ar 
proportions·in the first and second hori 




20 - 30 
30 - 50 
50 - 90 
100 - 120 
0 - 15 
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of mica over kaolinite is manifest. In 
those three levels modifications result 
in the presence of chlorite and in mild 
adsorption phenomena.. Some quartz and 
rather large amounts of goethite-haema-
tite iron are present in every horizon. 
Illi te and kaolinite are found in ev~_ry 
horizon, although the first named predo 
minates. It is in the B/c1 and c2 hori-
zons where some models of calcite have 
been best preserved. In the former kao-
linites appear fresher than in the A h,2. 
rizon, but, on the other ht;:tnd, more emor 
phous substances are observed. Iron, 
which is similar in qoth horizons, attains 
a larger size in the two lower levelsmd 
adopts an appearance which is more haema 
titic than goethitic. The presence of 
chlorite and quartz is also observed hera 
Profile poor in mi.nerals; in which asso-
ciation is observed but there is hardly 
no illite modified to chlorite. Some 
quartz ana a smaller amount of calcite 
rhombohedrons are found. Goethitic iron 
is abui1ds.nt. 
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III.- General conclusions. 
From the pedological point of view the similarity and 
permanence of the illite-kaolinite association in such widely dif 
fe.rring soils may seem curious. The only differences in this res-
pect are the varying proportions in which these two minerals enter 
into association, the presence or ~bsence of calcite, depending on 
the calcareous or sandstone nature of the parent material, and the 
forms in which iron appears. These differences are more evident 
within each profile, than among the different profiles. 
From the geological standpoint, a difference among OligQ 
cene, Eocene, Liassic and Quaternary materials is appreciated as 
it can be inferred from their respective descriptions, 1'or in prof! 
les VII and VIII these are mineralogical forms which do not appear 
in other profiles and even illite has a montmorillonite-like appe§ 
ranee which is only observed in the two above mentioned profiles. 
Although less differentiable.the one corresponding to a terrace of 
gravel depo.si t has a poverty in minerals different from the others 
and only similar to the profile resting on the Liass. 
After all, we can not be taken by surprise by the fact 
that there are no marked differences as respects the overall compQ 
sition of these soiis, owing to the common general genesis of the 
Ebro basin sediments. 
AGROLOGICAL VALUE REFERRED TO THE PHYSICAL PROPERTIES OF SOILS 
In brief, tho physical properties of the profile are 
those which influence the ar~rological value of' the soil in a great 
er proportion. Texture, structural development, compactness and r.£ 
lation with water exert a greater influence on ferti.li ty than c0n-
tent elements, for these can be added at will, while the modifica-
tion of the physical properties of soils takes place, if possible, 
only at a very slow rate. Even if it were technically feasible, 
this modification of the physical properties of a soil is practi-
cally unattainable in many instances due to the fact that economic 
factors limit the practical application of the adequate means to 
bring it about. 
On account of the physical properties of the soils~ the 
Camero, La Demsnda, Larraun, Moncalvillo and Santurdejo series are 
typic,ally forest series, which would render uneconomic their utili 
sation for agricultural purposes, while the Ribera, Corella, Haro, 
Najera, Peralta and Pamplona series are eminently agricultural. 
Their water retention capacity is one of the most important factors 
which contributes to their agricultural value. This retention capa 
city depends on the external drainage and on the very nature of 
the material making up the soil. Thus, due to their flat topogra-
phy, the Ribera and Corella series utilise total rainf'all received, 
while those of Najera, Haro and Pamplona loose a great p&rt of this 
water due to rapid external drainage. However, these three last 
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series have a greater water retention capacity owing.to the marly 
nature of the subsoil. These soils have a rather low hydraulic 
conductivity, as a result of which they are unable to utilise ra:in 
fall of a stormy character. Ivlild autunm precipitations are those 
which penetrate to a greater depth into the profiles. 
These three series retain moisture during a longer pe-
riod, specially that of Pamplona which, as a result, shows a great 
er crop raising regularity. 
Structure, specially that of the marly sub-soil, is ra-
ther defficient, owing to_ the lack of aeration which resLi.l ts in 
an extreme defficiency in organic matter. Due to this, only plants 
which are not very demanding, such as cereals, can be raised urrler 
these conditions. 
Owing to the high calcium carbonate content of these s~ 
ries, plasticity and adhesivity are not very high and, consequent 
ly, there are no problems due to an excessive hardening of the 
ploughable and tillable layers. 
The main problem in the case of the Haro, Najera, Peral 
ta and Pam11lona series is struc.tural in char1:tcter. This is a diffi. 
cult problem which can be approached proceeding to the implanting 
of grass species and leguminous plants, able to adjust themselves 
to the climatic conditions prevailing in the region~ 
The Ribera series iP not confronted with this sort of 
problems as it is constitu. 1 Jilty-sand alluvial. ]'urther-
more,as these are irrigated land soils, their lesser water reten-
tion capacity is balanced by freq_uent artificial irrigation. 
Kaolinite with abundant amorphous ma· 
terial adsorbed on surface, scarce illi-
te and .short samples ofhaematitic iron· 
Shaded with gold-palladium. Enlarged 
15.000 times. 
. . " -r< ::. .-·.-t r· . Accumulauon ·t,t colleh~cl ;·_,J(I goethin-
tic iron. Very abundant in the profile. 
Shaded with gold-palladium. Enlarged 
15.000 times. 
Kaolinite with abundant amorphous ma· 
terial adsorbed on surface, scarce illi· 
te and _short samples of haematitic iron• 
Shaded with gold-palladium. Enlarged 
15.000 times. 
• ::- · .:· -.,,·l"l. :;.1ni-.r• . Accumula't:lon 't. t ··.:'. ,_;\•\ ~· i :'!Ha goetlun-
tic iron. Very abundant in the profile. 
Shaded with gold-palladium. Enlarged 
15.000 times. · 
\/ 
Two samples of apatite which, besides 
·other differences described in the text, 
are characteristic of profiles of eocenic 
boulder. Direct vision. Enlarged 15.000 
times. 
Great vermiculite laminae. Direct vi-
sion. Enlai::ged 15.000 times. 
{ . 
Minute illite with bacillar haemotitic iron. 
Shaded with gold-palladium. Enlarged 
15.000 times. 
lllite and calcite rhombohedrons seen 
with the technique of carbon reply. En-
larged 15.000 times. 
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Even though their constitutions differ widely, the Cam.Q_ 
ro, La Demanda, Larraun, IYloncalvillo and Santurdejo series are all 
forest series. The exceedinely abrupt topography dictates that1hey 
be turned to this use, for it is useless and antieconomioal to con 
template any improvement of the physical properties of the soil. 
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APPENDIX 
A) Implications of the re.s.~u.l "tV~t:._l?ossj_ble fu~work .. 
The soil mapping of ·bhe Navarra and Logrono provinces repre-
sents a considerable contribution in the betterment of the 
agrarian economy of these provinces, for previous to this 
investigation no study had been carried out on these soilso 
.All the applications of soil maps from the agricultural and 
forestry standpoints are deduced from our study. 
B) Scientific personnel employed during the reporting period. 
F. l'vTonturiol, A. Guerra, J. P. Mateos, J. G. Vicente and 
J. J. Alonso. 
C) ~.'Ianhours expended on the contract. 
Fo l.ionturiol: one year's work at 160 hours per month. 
A. Guerra: one year• s work at 160 hours per month. 
J. P. Mateos: one year's work at 160 hours per month. 
Jo G. Vicente: one year's wo+k at 80 hours per month. 
J. J. Alonso: one year's work at 80 hours per month. 
D) Chemical expends in carrying out the contract. 
About ~~ 600. in materials have been spent. 
E) AI?.:Qara tu.s. 
No important property has been acquired during the report-
ing period at direct contract expense. 
---- --- l 
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Ribero Silty Sond (Alluvial so ils) 
Corello Silly Sand (Terrace soils) 
Haro Morly (Sierozem) 
Comeros Sondy Silt with Lime (Brown soil) 
Lo D.emondo Silty Sood (Brown Forest soil) 
Moncolvi llo Gravel ly Sand with Lime ( Rendzine) 
Sonturdejo Gravelly Sand (Xeroronker) 
Perolta Gypsy Mori {Gypsy Si erosem) 
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Pomp\ano Morly (Morly S1erosem) 
Cameras Silt w•th Lime (Brown soil) 
Lorroun Sil t (Terra Rosso) 
Demondo Silt y Sand (Brown Fores1 soi l ) 
Ribero Sil ty Sond (Alluvial Soils.) 
Carello Silty Sand (Terrace soils) 
Hora Morly (Slerozeml 
Moncolvillo Grovel!y Sond W<!h Lime (Rendzine) 
!·:·::'. ·'.·] Pera lto Gypsy Mori (Gypsy S1erosem) 
Ncijero Mor ly (Sierosem) 
